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ABSTRACT
The Alpine mining district is located in Esmeralda 
County, west-central Nevada, 20 miles west of the town 
of Tonopah. Ore was found in the district shortly after 
major discoveries were made at Tonopah in 1900. Produc­
tion began in 1903 and yielded $211,435 gross value before 
the mines were exhausted and closed in 1908.
The Precambrian Wyman Formation, a dominantly 
pelitic unit, and Reed Dolomite, a massive, light wea­
thering carbonate, crop out in the district with a 
maximum aggregate thickness of 1,634 feet. Intrusion of 
the sedimentary rocks by a Paleocene quartz monzonite 
stock imposed structural complications and a broad aureole 
of albite-epidote hornfels metamorphism over the area. 
Resulting mineral assemblages are quartz-actinolite- 
oligoclase, garnet-idiocrase-calcite, quartz-biotite-albite 
and biotite-muscovite-quartz-albite. The metasedimentary 
sequence is unconformably overlain by Quaternary allu­
vium.
The district is situated along the western limb of 
a southeast trending anticline. Structure is characterized 
by broad folds, minor thrusts, flexures and high angle 
faults of small displacement. Folding and thrusting
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preceded, and were in part coincident with, emplacement 
of the stock. Flexures and high angle faults are contem­
poraneous with and post-date the intrusion and are re­
lated to dextral shear in Walker Lane, the dominant tec­
tonic feature in the region. The basement complex is 
terminated on the northwest by a major Basin-Range frontal 
fault.
Mineralization in the vicinity is of two genetically 
related types - auriferous quartz veins and argentiferous 
galena-sphalerite replacement ore. The varieties of de­
posits are characteristic of mineralization throughout 
Esmeralda County west of Walker Lane. Low grade gold- 
quartz occurs in the pelitic Wyman Formation. High 
grade base metal ore is found in carbonate of the Reed 
Dolomite. Metallization is mesothermal and accompanied 
by talc-tremolite-calcite alteration of the argillic 
facies. Northeast trending shears served both as hydro- 
thermal conduits and as sites of hypogene mineraliza­
tion. Primary sulfides are galena, sphalerite, enargite, 
proustite-pyragyrite and molybdenite. A final stage in 
the development of the ore was oxidation of the sulfide 
minerals. Cerussite, hemi-morphite, cerargyrite, embo- 
lite (?), pyrolusite, anglesite, wulfenite, chrysocolla, 
smithsonite, auricalcite, ferrimolybdite and native silver
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occur in the supergene assemblage.
The Alpine district is believed to have limited 
economic potential. Two favorable locations for prospec­




The Alpine mining district is located on the west 
side of Lone Mountain, Esmeralda County, Nevada, approxi­
mately 20 miles west of the town of Tonopah in T.39, 40E., 
R.2N. (unsurveyed), on the Silver Peak NE and Gilbert 
SE 7-1/2' quadrangles (Figure 1).
Topography varies from steep, rugged slopes on the 
Lone Mountain stock and sharp dolomite cliffs at the in­
trusive contact to low, gravel-covered hills where strata 
dip under the alluvial veneer of a pediment to the west.
The mines and prospects lie at intermediate elevations in 
rolling terrain with an average altitude of 5,900 feet. 
Overshadowing the sedimentary belt, the granitic core 
of the mountain locally rises to 9,100 feet, providing 
4,300 feet of relief above the surrounding valleys.
The area may be approached throughout the year by 
unimproved roads leading south from Nevada State Highway 6. 
A gravel road heading due west from Tonopah enters the 
south end of the district via Paymaster Canyon but is 
impassable in the winter. Jeep and mule trails on the 
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This portion of the Great Basin undergoes particu­
larly severe annual climatic changes. Light winds and 
dessicating 100° plus temperatures are common during the 
summer while sub-freezing windy days prevail in the winter. 
Most precipitation, averaging 5.3 inches annually, falls 
as snow between the months of December and April, but 
occasional heavy summer thunder storms result in the 
flash floods characteristic of arid regions.
Precipitation on the higher slopes of Lone Mountain 
is adequate to support moderate growths of pinion and 
juniper. At lower elevations pines are concentrated 
along stream channels and around the few small springs 
near the intrusive contact. Sedimentary rocks forming 
the lower flank of the mountain are intensely fractured 
and do not retain groundwater. As a result vegetation 
is scarce and only sparse greasewood and juniper survive 
in arroyos. The adjacent pediment has a patchy cover of 
bunch grasses and a variety of xerophytic desert shrubs.
Previous Work
Detailed reviews of local geology in Esmeralda County 
are provided by numerous graduate theses - Wilson (1961), 
McKee (1962), Robinson (1964), Moiola (1962), Sandy (1965),
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Sonderman (1970), Bailley (1951) . The interesting and 
complex regional stratigraphy and structure in the county 
have received the attention of several noted geologists. 
Ferguson and Muller (1949) described the salient features 
of Jurassic diastrophism in parts of the Hawthorne and 
Tonopah quadrangles, including the Lone Mountain area. 
More recent publications are by Stewart (1970) and Albers 
and Stewart (1962) on the Precambrian and Early Cambrian 
stratigraphy and Albers (1967) on the diverse structural 
patterns. Albers and Stewart have also collaborated on 
a "Preliminary Geologic Map of Esmeralda County"
(U. S. G. S. MF-298) at a scale of 1:200,000. The report 
covering this map was published in August 1973 as a 
Nevada Bureau of Mines Bulletin.
As is the case with many small, older mining camps 
in Nevada, the economic geology of the district has not 
been studied in detail. Spurr (1906) briefly described 
the mines and prospects in his professional paper on ore 
deposits of the Silver Peak Quadrangle. The October 1903 
edition of the Engineering and Mining Journal reported 
a molybdenum occurrence at Lone Mountain but failed to 
give a location. Published background data on the mines 
is totally lacking. With the exception of production 
figures listed by Couch and Carpenter (1943, p. 55), the 
historical section in this report is based largely upon
8
hearsay. The reliability of the information should be 
judged accordingly.
Purpose of Investigation
The geology and ore deposits of the Alpine mining 
district are typical of a region encompassing the Lone 
Mountain, Weepah and Mineral Ridge areas (Figure 14, p. 58). 
Mesothermal ore deposits in Precambrian metasedimentary 
formations throughout the region are associated with quartz 
monzonite intrusives of Early Tertiary age and are closely 
related to northeast trending faults, generally as con­
cordant lenses along bedding planes but sometimes as 
northeast trending veins.
Mineralization is of two spatially and genetically 
related types. Auriferous pyrite, chalcopyrite and free 
gold in quartz occur closest to intrusives, most often 
in the pelitic Wyman Formation, while argentiferous galena 
and sphalerite with carbonate gangue are outlying, favor­
ing structural horizons in the Reed Dolomite.
Ore deposits generally resemble those of the well 
known and productive Eureka district of central Nevada. 
Moderate differences in form and mineralogy complicate 
direct comparison of the regions, but overall hypogene 
zoning, sulfide assemblages, mode of emplacement, skarn 
formation and even supergene products indicate similar
9
metallogenesis. Recognition of this similarity has 
been obscured by the predominance of base metal re­
placement ore at Eureka as opposed to its relative 
scarcity and the inverse overwhelming abundance of gold- 
quartz in the Lone Mountain-Weepah-Mineral Ridge area. 
Deposits of the gold-quartz variety, exemplified by the 
Weepah district, have dominated both commercial and 
professional interest and have been studied in some de­
tail (Spurr, 1906; Sonderman, 1971). The Alpine district 
contains the largest of the subordinate but diagnostic 
lead-silver type and has previously not been closely 
investigated.
Method of Study
The Alpine mining district was mapped on aerial 
photographs at a scale of 1:6,000 during the summer and 
fall of 1970. Subsurface workings and surface geology 
in the vicinity of the Alpine mine were charted at 
larger scales to emphasize the nature of the main ore 
deposit. The area was revisited in the winter of 1971 
to confirm geologic interpretations.
Laboratory analysis of some 400 rock specimens col­
lected in the field involved the use of petrographic and 
reflecting microscopy, x-ray diffraction, arc spectro- 
graphy, wet chemical and fire assay methods.
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Upon completion of research, geologic parameters 
characteristic of ore deposits in the district were 
evolved through a synthesis of both field and labora­
tory data. A search for these features across the mapped 
area revealed two locations in which undiscovered ore of 
the "Alpine" type may exist.
History and Production
The Alpine mining district was first prospected 
during the late 1860's in conjunction with development 
of the Silver Peak district to the southwest. At that 
time a few claims were staked but shortly abandoned.
After the discovery of ore at Tonopah in 1900, interest 
in the district renewed and further exploration disclosed 
the Alpine and Alpine Eagle ore bodies. Following minor 
development, the Alpine deposits were purchased from 
the original holders by N. L. Lynch and T. G. O'Mara 
of Tonopah, who incorporated the properties under the 
name of the Nevada Alpine Mining Company. Some of the 
claims were patented (U. S. Surveyor Gen. Patent #42618) 
and the Alpine and Alpine Eagle mines brought into pro­
duction by 1903.
Oxide ore from the district, not amenable to exist­
ing beneficiation processes, was hand sorted and shipped 
to the Garfield Smelter near Salt Lake City, Utah. The
shipping ore is reported to have been 50% lead, aver­
aging 100 ounces of silver and 1 ounce of gold per ton. 
Total production from 1903 to 1908, when mining ceased, 
was 1,433 tons at a gross value of $211,435 (Couch and 
Carpenter, 1943, p. 55). Except for scavenging by 
chloriders during the depression of the early 1930's, 
the mines have been idle since 1908. The patented land 
is now owned by Messrs. F. W. Lewis and H. B. Springer 
of Reno, Nevada.
In 1927 the discovery of large, low grade gold- 
quartz veins in the Weepah area, 7 miles southwest of 
Lone Mountain, prompted another surge of exploration 
in the region. Prospectors from Weepah located simi­
lar gold-quartz lodes at the north end of the Alpine 
district. Development was begun on the veins but work 
ended quickly when only limited ore was disclosed. The 
abandoned prospect, now known as the Dutchess Mine, is 




The Alpine mining district lies in a homoclinal 
wedge of Precambrian metasedimentary rocks dipping 
westward off the flank of an Early Tertiary quartz 
monzonite stock.
Sedimentary rocks of the area were modified to an 
uncertain degree by folding and faulting during the 
Antler and Sonoman orogenies.
Regional diastrophism beginning in the late Early 
Jurassic folded the strata into a broad anticline tra­
versed by low magnitude strike slip faults. Late syn- 
tectonic intrusion of the Lone Mountain stock along the 
anticline thermally metamorphosed the sedimentary over­
burden to contact hornfels, phyllite, marble and schist 
of the albite-epidote facies while concomitant hydro- 
thermal solutions formed the mesothermal ore deposits.
Mid-Tertiary to Recent block faulting uplifted the 
intrusive and is largely responsible for current physio­
graphy. Subsequent deroofing of the stock left only 
portions of the Wyman Formation, a dominantly pelitic 
unit, and the Reed Dolomite, a massive, light weathering 
carbonate, within the mapped area (Figure 2). Surficial
13
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Contemporary stream 
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A l luv ia l  pediment cover
Massive gray to buff 
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limestone and quartz ite  
defining lower contacts 
of the middle and upper 
members. Bedding is fair 
to indistinct and progre­




siitstone and argillite 
with interbedded limestone 
and dolomite .
Pelitic and calc-silicate 
hornfels coarsely 
intruded by granitic 
sills and lenses.
Figure 2 . Generalized stratigraphic column of the Alpine district .
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processes thoroughly oxidized hypogene ore bodies, have 
imposed a youthful drainage system across the district, 
and are now covering and filling the adjacent pediment 
and valley with Quaternary alluvium, playa deposits and 
dunes.
Precambrian Stratigraphy
The Wyman Formation and Reed Dolomite lie a minimum 
of 2,000 to 3,000 feet below the lowest occurrence of 
olenellid trilobites and archaeocyathid fossils used 
as a basis for separating Precambrian and Cambrian strata 
elsewhere in the southern Great Basin (Stewart, 1970, 
p. 54) and are therefore considered Late Precambrian by 
Kirk (in Knopf, 1918), McKee and Moiola (1962) and 
Stewart (1970) .
Representing earliest sedimentation in the Cordilleran 
orthogeosyncline, these units are basal to a northeast 
trending wedge of Precambrian and lower Paleozoic forma­
tions that thickens from less than 400 feet in western 
Arizona to 21,000 feet in eastern California. Granitic 
detritus in the wedge was carried to the region by 
marine currents from a source area no closer than cen­
tral Arizona (Stewart, 1970, p. 64-68). Sorting with 
transport westward resulted in progressively finer clastic 
sedimentation. Consequently siltstone and argillite of
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the Wyman Formation grade eastward, toward the source 
area, into fine, medium and coarse sand and conglomerate 
of the laterally equivalent A, B and C members of the 
Stirling Quartzite and part or all of the underlying 
Johnnie Formation, while carbonate of the Reed Dolomite 
may be correlated with siltstone and sandstone facies 
(D and E members) of the Stirling Quartzite (Stewart, 
1970, p. 54-55).
Wyman Formation
The Precambrian (Algonkian?) Wyman Formation ap­
pears as scattered outcrops in a broad belt extending 
from southernmost Nevada and Death Valley to the Inyo 
Range and northern Esmeralda County. In southern expo­
sures the unit lies disconformably on granite and high 
grade metamorphic rocks radiogenically dated at 1.1 to 
1.8 billion years and possibly equivalent to the Vishnu 
Schist (Volborth, 1962, p. 816). In the White Mountains, 
where first defined by Maxson (1935, p. 314), it has an 
exposed thickness of 9,000 feet and served as the basal 
member of the classic Early Cambrian Waucoban Series of 
Walcott (1908, p. 185).
The Wyman Formation is the oldest formation in 
Esmeralda County. Only 1,350 feet of Wyman strata have 
been measured at any one continuous outcrop in the county 
and the base is everywhere found to be an intrusive
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contact. Exposures generally produce flaggy slopes of 
thin bedded, dark, fine grained argillite and platy silt- 
stone with lensoidal beds of carbonate increasing upward 
in the section. Weak greenschist facies metamorphism is 
commonly evident.
The Wyman Formation of the Alpine district was al­
tered to hornfels, phyllite, marble and schist of the 
albite-epidote facies by emplacement of the Lone Moun­
tain stock. Intrusion has left a maximum 294 feet of 
carbonate rich, upper Wyman above the eastward rising 
flank of the stock at the north end of the mapped area. 
Southward the formation thins rapidly and in the central 
and southern Alpine district is only 30 to 69 feet thick.
Throughout the district 20 to 40 feet of the for­
mation immediately adjacent to the pluton have been 
injected by adamellite, alaskite, aplite, quartz and 
lamprophyre sills and lenses too small and numerous for 
representation on Plate 1. This band of mixed lithology 
was mapped and treated separately as migmatite.
Migmatite unit (p€W^)
Within the Migmatite unit quartzitic siltstone and 
argillite have been altered to pelitic hornfels, impure 
carbonate to calc-silicate hornfels and limestone and 
dolomite to medium grained, very light gray, carbon
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streaked marble. At the base of the zone, where intru­
sion was most intimate, the various lithologies complexly 
dovetail; single metamorphic horizons are commonly less 
than a few inches thick and can seldom be traced more 
than 20 to 30 feet along strike. Some granitization of 
the sedimentary host has occurred, producing intrusive- 
metamorphic boundaries gradational across 3 to 4 milli­
meter contacts.
Both the frequency and thickness of intrusive sills 
and lenses rapidly diminish upward in the unit. Contacts 
become increasingly sharp, suggesting little or no reaction 
between igneous and sedimentary components. The dominantly 
metamorphic upper 4/5 of the zone might best be described 
as injection gneiss or arterite.
Relict bedding is the prevalent metamorphic fabric 
throughout the unit and is generally concordant between 
the flank of the stock and overlying metasedimentary 
horizons. Bedding everywhere is contorted on a small 
scale. At the base of the migmatite deformation is 
locally more intense with some ptygmatic flowage evident.
Pelitic hornfels in the unit is very fine grained 
and commonly dark greenish gray (G. S. A. Rock Color 
Chart Number 5G 6/1), fracturing and weathering along 
relict bedding to blocky, greenish gray (5G 5/1) chunks.
No mineral species are identifiable in hand specimens.
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Microscopically the rock (Figure 3) consists of dark 
green, pleochroic actinolite (ZA C = 17°), quartz and 
albite (An^) with accessory dark brown biotite, micro- 
cline, clinozoisite, grossularite (?) garnet, apatite, 
magnetite and sphene. Because of original chemical 
differences, mineral ratios vary widely between beds 
and individual laminae within beds, producing psuedo- 
gneissic texture. Actinolite is often idioblastic and 
somewhat porphyroblastic. The amphibole prisms define 
S1 (bedding) foliation with lineation trending generally 
northwest, roughly parallel to the axis of the intrusive. 
Thin sections of specimens taken within a few inches of 
granitic lenses show a higher grade of metamorphism. 
Plagioclase is oligoclase (An17), microcline and iron 
oxide are abundant and actinolite is largely altered to 
retrograde chlorite.
Compositional banding in the unit is well displayed 
by calc-silicate hornfels. Laminae forming the color­
ful, medium grained rock are alternately rich in brown 
grossularite garnet, light pinkish idiocrase, pale green 
actinolite and white tremolite with dispersed calcite, 
clinozoisite and minor interstitial quartz. Garnet 
and idiocrase occasionally form glomeroporphyroblasts 
around which laminae are deflected. The excellent re­
tention of relict bedding in the hornfels suggests it
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Figure 3. Photomicrograph of quartz-plagioclase- 
actinolite hornfels. Note banding produced by 
both grain size and composition. The finer 
grained, lower left half of the photograph shows 
abundant plagioclase (An^), some crystals of 
which display albite twinning. 400 diameters; 
crossed nicols.
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to be a product of internal metasomatism rather than 
pervasive silicification by fluids emanating from the 
intrusive.
Mineral assemblages in the migmatite zone, parti­
cularly the actinolite-oligoclase and garnet-idiocrase 
pairs, indicate metamorphic conditions of the upper 
oligoclase-epidote hornfels subfacies as defined by 
Fyfe, Turner and Verhoogen (1958). Immediately over- 
lying horizons of the Metasedimentary unit (p€W2) 
have been subjected only to lower temperature and 
pressure gradients of the albite-epidote hornfels 
subfacies.
Metasedimentary unit (p€W^)
The Metasedimentary unit attains a maximum thick­
ness of 294 feet at the location indicated by line a-a', 
Plate 1. The measured section contains locally definable 
subunits but rapid thinning southward precludes formal 
division.
The lower contact of the unit was arbitrarily placed 
above the highest granitic sill in the migmatite zone 
with a thickness in excess of 2 inches. Overlying the 
contact at the measured section are 78 feet of very fine 
grained, thin bedded, laminated greenish gray (5G 5/1) 
to olive gray (5Y 5/1) phyllitic hornfels (90%) with
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2 inch to 1 foot thick interbeds of light gray (N7), 
laminated, calcareous, silty dolomite. Original bedding 
is accentuated by mica and the rock parts along bedding 
planes to shaly and slatey pieces. The pelitic frag­
ments weather greenish gray (5GY 5/1) to pale brownish 
gray (5YR 5/1) with a characteristic phyllitic sheen. 
Carbonate beds separate along laminae rich in ferromag- 
nesian minerals which, upon weathering, yield limonite 
to give a mottled, rusty surface (5YR 5/4). Moderately 
porphyroblastic biotite and occasional fine pyrite are 
identifiable on these surfaces.
The middle 102 feet of exposed Wyman strata consists 
mainly of dolomitic limestone (80%) with intercalated 
horizons of phyllitic hornfels. The limestone is thin 
to thick bedded and weathers to a light yellowish gray 
(5Y 8/1) in friable, sandy outcrops. Some beds contain 
very fine grained, silty bands which weather out in re­
lief. On a fresh surface the carbonate is medium to fine 
grained, light to very light gray (N7-8) and sporadically 
peppered with pale green epidote, granular magnetite and 
fine pyrite.
The upper 114 feet of the unit is a heterogeneous 
section containing bleached, light gray, medium grained 
dolomitic limestone and calcareous dolomite with quartz- 
itic bands (50%) ; blocky, medium to light gray (N6-7)
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phyllitic hornfels (40%); and subordinate thin beds of 
phyllite and mica semi-schist.
Fine grained, equigranular quartz, albite (An7_i:L) 
and epidote-clinozoisite with biotite in phyllitic horn­
fels is the dominant mineral assemblage throughout the 
Metasedimentary unit (Figure 4). Occasional poikilo- 
blasts of dark mica, crowded with inclusions of quartz, 
are encountered on bedding planes but are too infrequent 
for classification of the rock as a spotted hornfels. 
Lepidoblastic cleavage is produced by tabular, fine 
biotite lying parallel to relict bedding, with progres­
sive schistosity upward in the section resulting from an 
increase of micaceous laminae.
Phyllite appearing near the top of the unit con­
sists of mica intermediate in the siderophyllite-phlogo- 
pite series, sericite and matrix grains of quartz and 
albite with accessory microcline, iron oxides, apatite 
and sphene. A moderate coarsening of mica grain size 
produces semi-schist in which biotite and quartz can be 
visually identified. The phyllite and semi-schist vary 
in color, both fresh and weathered, from light greenish 
gray (5GY 8/1) through greenish gray (5GY 6/1) and pale 
yellowish brown (10YR 6/2) to grayish orange (10YR 7/4). 
Changing colors reflect differing ratios of biotite to 
sericite and variable chloritization of the biotite.
Figure 4. Photomicrograph of quartz-biotite- 
albite phyllitic hornfels. Epidote-clinozoisite 
is a lesser constituent. Accessories are apatite, 
sphene and granular magnetite. Graphitic inclu­
sions cloud quartz grains and biotite is margin­
ally altered to chlorite. 400 diameters; crossed 
nicols.
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A 2 to 4 foot thick unit of phyllite and semi-schist 
is a persistent feature of the upper Wyman Formation 
throughout most of the Alpine district. It is separa­
ted from the Reed Dolomite by 4 to 10 feet of massive, 
bleached light gray, calcareous dolomite marking an 
abrupt transition to the overlying massive carbonate 
formation. The contact is everywhere conformable but 
the rapid disappearance and nearly complete absence of 
pelitic strata within the lower 500 feet of the Reed 
Dolomite suggests at least a depositional if not an 
erosional hiatus.
Reed Dolomite
The Reed Dolomite was originally identified by Kirk 
(in Knopf, 1918, p. 24) as major outcrops of massive, 
light weathering dolomite throughout the White and Inyo 
Mountains and in scattered outcrops in Esmeralda County. 
Averaging 1,600 feet in thickness, the formation pro­
vides the most distinctive outcrops in the county and, 
with the exception of local thrusting, is believed to be 
in conformable contact with the underlying Wyman and 
overlying Deep Springs Formations (Stewart, 1970, p. 55).
Small mollusc-like fossils (Wyattia) occur in the 
upper Reed Dolomite in the southernmost White Mountains 
(Taylor, 1966; Cloud and Nelson, 1966; Nelson and Durham,
25
1966), and irregular flattened spherical structures about 
half an inch across appear in the lower part of the forma­
tion elsewhere in the region, probably representing algal 
colonies (Stewart, 1970, p. 55). In the Alpine district 
only 1,300 feet of the formation crops out. The upper, 
potentially fossiliferous 300 feet have been removed by 
erosion and no organic structures were found in the re­
maining portion.
The dolomite is generally described as both massive 
and structureless. In the mapped area, however, well 
defined beds 1 to 4 feet thick are common and widely 
spaced lensoidal horizons of pelitic and arenaceous car­
bonate are found. These are generally insignificant to 
the gross composition of the formation but are suffici­
ently prominent in the Alpine district to serve as a basis 
for local subdivision into three units.
Lower Member (p€R1)
Five hundred feet of grayish orange (10YR 7/4) to 
very pale orange (10YR 8/2) weathering dolomite in thick 
to massive beds forms the basal member of the Reed Dolo­
mite. Individual beds are poorly defined and bedding is 
further obscured by intense fracturing.
Average rock in the member is cream to light gray-
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ish yellow (5Y 8/2) when fresh, consisting of a medium 
to fine grained mosaic of euhedral to subhedral dolo­
mite grains. Scattered tremolite prisms and flakes of 
phlogopite occur in some horizons, generally forming 
less than 1% of the mass.
A few short lensoidal beds of pale yellowish brown 
(10YR 6/2) phlogopite semi-schist, individually less 
than 3 inches thick, appear near the center of the unit. 
Mica in the rock is accompanied by accessory granular 
iron oxides, quartz and sphene. The lenses are some­
what boudinaged and fissility is poorly developed. No 
other sedimentary lithologies break the homogeniety of 
the member and even lamprophyre sills are scarce.
Despite intense fracturing, the Lower Reed Dolomite 
Member is the most resistant unit in the district and 
often weathers to steep cliffs facing the Lone Mountain 
stock. Equally common are cliff backslopes carrying 
basal remnants of the overlying middle member.
Middle Member (p€R2)
The gross composition of the Middle Reed Dolomite 
Member is approximately 90% dolomite, 5% metapelitics,
4% limestone and less than 1% quartzite. The base of 
the unit is noted by a 40 to 100 foot thick section of
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intercalated phyllitic hornfels; fine grained, light 
gray (N8) limestone; light gray calcareous dolomite with 
cherty, black weathering bands; thick beds of bleached 
(N8) sandy weathering dolomite; and rare, thin (to 6 
inches) beds of quartzite, all spaced by massive to thick 
bedded, orange weathering dolomite characteristic of the 
underlying member. Clastic horizons thin and pinch out 
irregularly along strike but the accompanying bleached 
carbonate units are relatively persistent throughout the 
district. The basal zone has been injected by numerous 
lamprophyre sills which further accentuate the litholo­
gic change from the monotonous lower member.
Additional clastic, calcareous and bleached lenses 
are scattered randomly through the upper 400 feet of the 
member but few are greater than 2 feet thick or can be 
traced more than several hundred feet along strike. Thick 
to massive, grayish orange to very pale orange (1OYR 9/2) 
weathering dolomite forms the bulk of the section, with 
average strata becoming progressively thinner upward.
A notable 35 foot sequence of thin bedded dolomite lies 
just below the horizon which has been mineralized at the 
Alpine Mine. Here the thin beds contain up to 2% phlo- 
gopite in small dispersed flakes and weather to sandy, 
friable chunks. The entire zone has been moderately 
bleached and can be distinguished on aerial photographs
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by its lighter color. Several 10 to 30 foot thick hori­
zons of intraformational dolomite breccia occur near 
the center of the member. Where these crop out along the 
northwest side of the district they form gently rounded 
hills strewn with angular, gravel size fragments. A few 
thick lensoidal beds with pisoolitic structure are also 
encountered in the upper part of the member.
Quartz-biotite-albite phyllitic hornfels in the 
Middle Reed Dolomite Member resembles that in the Wyman 
Formation in color, texture, fracturing and weathering 
habit and shows little mineralogical variation. Inci­
pient spotting from chloritization of biotite is occa­
sionally seen but is not prominent. Sericite, a minor 
constituent deeper in the stratigraphic column, is a more 
abundant, widespread accessory. Small (to 2mm) knots of 
sericite are also infrequently detected and may represent 
altered porphyroblasts of garnet or andalusite.
Quartzite peculiar to the member is pale yellowish 
to pinkish brown (5YR 7/2) when fresh, weathering to 
pale brown (5YR 6/2) blocky chunks. The rock is fine 
grained and well indurated. Cementing secondary quartz 
fills interstices but overgrowths on flattened, original 
clastic particles could not be detected. Small amounts 
of calcite (2%), recrystallized chlorite or biotite and 
granules of iron oxide occur as accessories. The
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quartzite appears to have been derived from a very well 
sorted and mature quartz arenite deposited in a low flow 
regime. Internal structures - cross bedding, graded 
bedding, lamination, ripple marks - were not detected.
Upper Member (p€R3)
The lower contact of the Upper Reed Dolomite Member 
was mapped at the base of a 60 foot thick calcareous and 
pelitic unit appearing in the vicinity of the Alpine 
Mine. Above this are 240 feet of cream colored to very 
pale orange weathering dolomite in thick to massive beds 
generally indistinguishable from dolomite elsewhere in 
the formation.
Rocks forming the lower part of the section are es­
sentially identical to those at the base of the Middle 
Reed Dolomite Member. The major pelitic derivatives are 
quartz-biotite-albite-sericite phyllitic hornfels and 
phyllite. The phyllitic hornfels and phyllite differ 
only in their relative content of mica. Thin horizons 
of actinolite-quartz-albite hornfels and phlogopite semi­
schist occur but are not common. Quartzite is totally 
lacking.
The most notable feature of the member is a 25 to 
35 foot section of knotted mica-quartz-feldspar-garnet 
schist (Figures 5, 6) appearing in the vicinity of the
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Figure 5. Photograph of mica-quartz-feldspar- 
garnet knotted schist. Two-fifths diameter.
Figure 6. Photomicrograph of mica-quartz- 
feldspar-garnet knotted schist. Approximately 
400 diameters; crossed nicols.
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Alpine Company building ruins. The schist thins rapidly 
away from this area and becomes increasingly hornfelsic. 
Above the Alpine Mine only a few 1 to 6 inch horizons of 
true schist are intercalated with semi-schist, phyllite, 
phyllitic hornfels and carbonate. In thicker outcrops 
the mica schist is moderately folded, intensely crumpled, 
fractured and heavily injected by lamprophyre sills and 
dikes. It varies in color, both fresh and weathered, 
from light silvery gray (N7) to medium dark gray (N4) 
reflecting variable amounts of muscovite and biotite, 
and weathers in large blocky to slatey pieces with 
crenulated surfaces.
The rock is medium to fine grained, with plates of 
pleochroic dark brown biotite and muscovite in a matrix 
of granoblastic quartz, albite (Any_g) and microcline. 
Knots in the schist are produced by idioblastic alman- 
dine garnets with kelyphitic rims of sericite and por- 
phyroblasts of andalusite which have been largely re­
placed by sericite. Granular hematite, sagenitic ru­
tile, small cubic limonite psuedomorphs after pyrite 
and a few black tourmaline (?) needles occur as acces­
sories. All biotite is partially altered to chlorite 
and in some horizons chloritization of the biotite is 
nearly complete.
Petrofabric analysis of the schist suggests it to
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be a product of dynamothermal metamorphism during east- 
west compression. Original bedding laminae have been 
accentuated by mica defining S planes. A marked b- 
lineation appears as assymetric crenulations in the S1 
surfaces , with slight overturning to the east. Twenty- 
five observations of bearings on the crenulations yielded 
a modal trend of N.12°W., approximately coincident with 
the axis of the Lone Mountain anticline,. Based upon 
this evidence, the schist is believed to be contemporan­
eous with formation of the anticline. The fabric is 
probably a result of interlayer slippage accompanying 
progressive flexing of the major fold. Some of the 
kelyphitic patches in the slides examined showed deforma­
tion to a sigmoidal configuration with rotational move­
ment of altered porphytoblasts northeastward, diagonal 
to the crenulations. The sense of dislocation is in 
agreement with the flexural-slip origin.
Igneous Rocks
Only the northwestern corner of the Lone Mountain 
pluton is included in the area covered by this report.
The gross features of the entire pluton are discussed 
to give a comprehensive view of the Alpine district's 
regional setting.
The Lone Mountain intrusive is a mesozonal quartz
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monzonite (adamellite) stock cut by joints containing 
lamprophyric dikes. The stock has an approximate sur­
face area of 20 square miles and a maximum relief of 
4,300 feet above the surrounding valleys. Injected 
along a northwest trending anticline, it formed an 
elongate dome, now eroded to an axial ridge trending 
N.30°W. The stock is terminated on the northwest by 
a steep frontal scarp bordering Big Smoky Valley. 
Southeastward it plunges gradually under sedimentary 
cover to disappear just south of the mapped area. An 
extension of the controlling anticline has been mapped 
in sedimentary rocks further to the southeast (Albers 
and Stewart, MF-298).
The contact between the stock and flanking sedi­
mentary rocks and roof pendants is generally concordant 
but occurs as a small bedding thrust in places and is 
broken by high angle faults extending from the pluton 
into the adjacent Wyman Formation and Reed Dolomite. 
Lamprophyric dikes and a few discordant granitic apo­
physes, little more than dikes, also cross the contact.
The upper boundary of the stock lies within 70 feet 
of the Wyman-Reed contact throughout most of the Alpine 
district. Joint pattern analysis indicates magmatic 
injection along this horizon as a plane of structural 
weakness (Sandy, 1965, p. 45).
i
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Spurr (1906) regarded the various closely related 
phases of granitic intrusion in the Mineral Ridge-Weepah- 
Lone Mountain region as differentiates of a single parent 
magma (1906, p. 25). All are mesozonal, were intruded 
along similar and parallel northwest trending anticlines 
and have upper, generally concordant hood zones in the 
Wyman Formation. Petrology is similar, with quartz 
monzonite dominant but every gradation from quartz 
diorite through granite to alaskite being represented. 
Host rock metamorphism with intrusion is everywhere of 
the albite-epidote hornfels facies. Structural control, 
composition, texture and associated metamorphism suggest 
that these intrusives have a common origin, are contem­
poraneous and are probably connected at no great depth.
Granitic Rocks
The Lone Mountain stock consists primarily of allo- 
triomorphic-granular, medium to coarse grained biotite 
adamellite (Tqm^). Facies ranging from quartz diorite to 
alaskite in composition and from hypidiomorphic-granular 
to porphyritic in texture are also present as small, ill- 
defined border phases but form less than 3% of the stock 
and were not individually mapped. These subordinate 
facies differ from adamellite in texture and proportions 
but not in species of minerals. The modal compositions 
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Figure 7. R ep resenta tive  modal compositions of granitic facies 
rocks of the Lone Mountain stock. The dashed line r e ­
presents the trend of d ifferentiation found to exist 
in quartz monzonite intrusives elsewhere in Nevada.
-
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Granitic rocks in the district generally weather light 
to medium gray but in some places limonite stain develops 
from iron released by magnetite and biotite. Near the 
sedimentary contact the intrusive forms rounded outcrops. 
Deeper within the stock topography becomes more rugged 
with increasing stream gradients.
Adamellite in the mapped area shows varying degrees 
of foliation, protoclastic texture and moderate deuteric 
alteration characteristic of an intrusive hood zone. Two 
generations of minerals can be distinguished micro­
scopically in the rock on the basis of alteration and 
grain contact relations (Figures 8, 9).
Earliest mineral species are zoned andesine-oligo- 
clase (An2 2 -2 3 ^• biotite, euhedral zircon and apatite 
which appear as inclusions in minerals of later origin. 
Anhedral plagioclase grains to 4 mm in diameter have been 
deformed, fractured and recrystallized. Twin lamellae 
are bent and obscured while primary (?) muscovite blades, 
often several millimeters in length, are included along 
crystallographic planes. Partially chloritized biotite 
shreds and flakes to 3 mm in length frequently display 
excellent foliation paralleling the intrusive contact 
and adjacent sedimentary bedding. More commonly the folia­
tion is irregular and biotite somewhat glomeroporphyritic 
with sphene, epidote and magnetite.
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Figure 9. Photomicrograph of biotite quartz 
monzonite. 200 diameters; crossed nicols.
Figure 8. Photograph of biotite quartz monzon­
ite. One-half diameter.
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Typically later mineral phases are oligoclase 
(An12_2 5 '̂ microcline-perthite, orthoclase or crypto- 
perthite and quartz in subhedral to anhedral grains 
1/4 to 4 mm in size, imparting seriate texture to the 
rock. Large alkali feldspar grains with sutured mar­
gins frequently enclose fragments of andesine-oligo- 
clase and are in turn penetrated by microfractures along 
which recrystallization and weak sericitization have 
occurred. Most early plagioclase shows light deuteric 
alteration - a dusting of saussurite and rare sericite. 
Later plagioclase and alkali feldspar have been only 
weakly argillized.
Micropegmatite fills some grain interstices in the 
rock and myrmekite intergrowths are common at microcline- 
plagioclase grain contacts. Quartz tends to accumulate 
in patches and crude planar lenses paralleling biotite 
foliation. Quartz grains are clear but optically 
strained and form polygonal mosaics in which triple 
points are well developed. Euhedral to subhedral pheno- 
crysts of microcline, often a centimeter in length, are 
an occasional component.
The average modal mineralogy of the adamellite facies, 
determined by 1,000 point counts on 10 stained specimens, 
is plagioclase, 33%; alkali feldspar, 34%, quartz, 30-s; 
biotite, 2%; and accessories (zircon, apatite, magnetite,
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epidote, sphene), 1%.
At its upper boundary the stock passes into thin 
(average 6 inches), fine grained sills and lenses in the 
migmatite zone (Figure 10). Biotite foliation becomes 
more pronounced and some lenses contain very fine grained, 
gneissic laminae, a few millimeters or less thick, con­
sisting of quartz, chloritized biotite and sericite 
with accessory granular epidote, sphene and occasional 
euhedral spessartite garnets (Figure 11). The frequency 
of the laminae increases as lenses thin and dovetail 
into the surrounding hornfels. Although neither plagio- 
clase composition (andesine-oligoclase, oligoclase;
An,_ __) nor modal mineralogy indicate significant wall 
rock contamination, the nature of the lenses, their 
strong foliation where flow alignment is improbable, 
and the contained hornfelsic bands, suggest that pro­
cesses of granitization were active in the intrusive 
hood zone.
A large area of siliceous adamellite (Tqm2) was 
mapped near the center of the district. This facies is 
gradational into the surrounding biotite adamellite, has 
the configuration of a massive sill and is associated 
with primary quartz and alaskite lenses in the adjacent 
migmatite zone.
Rock in the sill is more intensely fractured than
Figure 11. Photomicrograph of gaeissic laminae 
in biotite quartz monzonite of the migmatite 
zone. 250 diameters; crossed nicols.
Figure 10. Photograph of aplitic border facies 
of the Lone Mountain stock. One-half diameter.
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the surrounding biotite adamellite and the resulting 
topography more subdued. Excess epidote and chloritized 
biotite impart an overall light green cast to light 
gray weathering outcrops. Petrographically the rock 
(Figure 12) varies little from the main adamellite 
facies. Texture is coarse to medium grained, allotrio- 
morphic-granular. Stringers and lenses of anhedral 
quartz are numerous and frequently appear as gneissoid 
segregations paralleling the intrusive contact. Musco­
vite inclusions are more abundant in early andesine- 
oligoclase and some muscovite occurs in the rock matrix 
as flakes to 1 mm in length. Biotite, though slightly 
more abundant, is dispersed and finer grained. The rock 
is distinct in having irregular microscopic zones and 
vein-like areas of very fine, euhedral and subhedral 
quartz and oligoclase replacing but gradational into 
the original granitic fabric and forming approximately 
2% of the mass. Small patches of carbonate are associa­
ted with the material.
The magmatic phase which hybridized the siliceous 
adamellite is also held responsible for alaskite, small 
lenses (average 4 inches) of which are common in the 
migmatite zone. A major sill, 4 feet thick at its core 
and 40 feet long, lies a short distance south of the 
siliceous adamellite.
Figure 12. Photograph of cut surface on sili­
ceous quartz monzonite showing microfracturing 
and lens-like seggregates of coarse grained 
quartz. One-half diameter.
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In outcrops the alaskite weathers to a very pale 
gray irregularly stained light gray by blotches of man­
ganese oxide. Fresh surfaces are dense and cream white 
with small reflecting plates of muscovite. The rock is 
similar to the siliceous adamellite but medium to fine 
grained and totally devoid of mafic minerals. Most quartz, 
appearing as augen and stringers in other facies, occurs 
as discrete subhedral to anhedral grains and interstitial 
fillings. Relicts of early plagioclase (andesine-oligo- 
clase?) are completely altered to sericite and the ma­
trix contains significant primary muscovite. The modal 
mineralogy of the alaskite is quartz, 33%, alkali feld­
spar, 39%; plagioclase, 25%; and muscovite, 2%.
Subsequent to the development of alaskite, late 
stage primary quartz, aplite and pegmatite veins and 
lenses were emplaced in the intrusive hood and migmatite 
zones. Veins in the stock formed along sinuous, dis­
oriented fractures while thin, conformable lenses were 
the mode in the overlying sediments.
Few aplite or pegmatite bodies in the district are 
more than 6 inches thick. The fine grained, xenomorphic- 
granular aplite is composed of microcline-perthite, ortho- 
clase, quartz, sodic oligoclase (An-^) and muscovite in 
anhedral, fine grains. Sparse biotite and granular mange- 
tite with occasional pyrites occur as accessories in the
dense, interlocking aggregate. Pegmatite is only sparse­
ly represented in the area and is of simple mineralogy. 
Clear, unstrained quartz, microcline and pale lavendar 
mica (lepidolite) made up the few deposits examined.
Trace amounts of pyrite and iron oxide have stained 
the rock with limonite. The pegmatite cuts and is para- 
genetically younger than both alaskite and aplite in the 
district.
The last magmatic differentiates to be pressed 
from the Lone Mountain stock were emplaced as typically 
igneous quartz veins and lenses near the intrusive con­
tact. The translucent, "hungry" look of this quartz dis­
tinguishes it from later hydrothermal quartz associated 
with ore deposition, but the rock does contain some metal. 
Small, dense, brown limonite psuedomorphs after pyrite 
are common and orange limonite stains all outcrops and 
fractures. Leached voids with deep red to maroon "re­
lief" limonite forming on angular, sponge-like boxworks 
appear sporadically. The nature of the psuedomorphs and 
green, mammilated malachite with quartz prisms in drusy 
cavities attest to the presence of chalcopyrite as a 
primary sulfide. Fracture coatings of pyrolusite and 
fine, granular magnetite are minor constituents.
The largest primary quartz lens in the district 
was injected in the migmatite zone near the siliceous
adamellite facies. A maximum 8 inches thick, the concor­
dant lens pinches irregularly for 30 feet along the zone, 
disappearing and jumping bedding planes in a few places. 
Aside from weak, possibly supergene argillation at the 
quartz lens-hornfels contact, alteration accompanying 
intrusion of the lens could not be differentiated from 
normal contact metamorphic effects. The rock was not 
quantitatively assayed, but neither gold nor silver were 
detected by arc spectrographic analysis of limonite from 
both pyrite psuedomorphs and chalcopyrite boxwork.
Lamprophyric Rocks
Lamprophyre dikes ranging in thickness from a few 
inches to 10 feet occupy many of the expansion joints 
cutting the Lone Mountain stock, becoming more common 
near the intrusive margin. Both sills and dikes are 
numerous in thicker portions of the Wyman Formation at 
the north end of the district and occur sporadically in 
this formation to the south. Mafic intrusives appear 
randomly throughout the overlying Reed Dolomite but are 
concentrated in pelitic horizons of the Middle and Upper 
Members.
Dark, gray, mottled brown to black weathering spes- 
sartite is the dominant lamprophyre species. Moderately 
fractured sills and dikes of this variety often but not
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always show chilled margins and baked contacts a milli­
meter or two thick. Texture varies from that of a 
characteristically prophyritic (lamprophyric) , fine 
grained lamprophyre to equigrained microdiorite. Mineral 
ratios also vary. Figure 13 represents typical textures 
and mineralogy.
Euhedral to subhedral dark brown hornblende pheno- 
crysts (12%) are set in a fine panidiomorphic-granular 
matrix of stubby, subhedral, strongly zoned andesine 
laths (54%), fragments and microlithic needles of horn­
blende (25%), accessory biotite, apatite, granular mag­
netite and some interstitial dark brown glass. Two 
generations of hornblende are evident, the later micro­
lithic needles often replacing the earlier phenocrysts. 
Autometamorphism within the volatile rich parent magma 
has partially altered hornblende to chlorite and totally 
chloritized biotite. Epidote and carbonate sporadically 
replace the matrix minerals. Plagioclase cores are 
relatively fresh but outer zones of more sodic feldspar 
mantling the andesine have been weakly argillized. Fine 
pyrite is occasionally encountered and is always altered 
to limonite.
Short, thin, pale gray-green dikes and sills of minette 
lamprophyre are also scattered through the district but 
are greatly subordinate in both frequency and size to the
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Figure 13. Photomicrograph of typical spessar- 
tite lamprophyre. 500 diameters; crossed nicols.
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spessartite. The minette consists of phenocrysts of 
biotite (5%) to 3 millimeters in length, embayed, frag­
mented orthoclase (7%) and ovoids of relict quartz (3%) 
in a dense, very fine grained xenomorphic-granular matrix 
of orthoclase or sanidine (80%), apatite, pyrite, rutile 
and minor interstitial quartz. The minette is more 
strongly altered than the spessartite. Most biotite 
has completely changed to chlorite and sagenitic rutile. 
Large orthoclase phenocrysts are intensely argillized 
while matrix feldspars have been partially replaced by 
sericite and carbonate.
Minette dikes in the stock show no structural con­
trol along prominent joint trends as does the spessar­
tite. At one location minette was found to be cut by 
spessartite, from which it is concluded that the felsic 
dikes predate the mafic intrusives, perhaps by a signi­
ficant period of time.
Skarn
Early hydrothermal phase differentiates escaping 
the Lone Mountain stock were neither abundant nor chemi­
cally complex. Typical skarn minerals - epidote, 
quartz, calcite, hematite, grossularite garnet and 
phlogopite - indicate aqueous solutions rich in carbon 
dioxide, silica, alumina and iron. Skarn development
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is not extensive and the general absence of tourmaline, 
beryl, fluorite, scheelite and cassiterite suggest that 
more exotic volatile constituents were lacking.
No outcrops of skarn were found within the stock.
In overlying sedimentary rocks skarn development was 
confined to mineralizing conduits and stratigraphic 
traps. Carbonate horizons of the Wyman Formation bear 
occasional lenses of epidosite generally less than a 
foot thick and 10 feet long, commonly restricted to 
single favorable beds cut by feeder faults. The base 
of the Reed Dolomite acted as a barrier to rising solu­
tions which bleached carbonate, epidotized hornfels and 
produced major lenses of garnetiferous epidosite at the 
top of the Wyman Formation. Immediately overlying beds 
of massive, orange weathering dolomite were not affec­
ted by metasomatism.
Bleaching and additional small lenses of epidosite 
skarn occur within and at the base of pelitic horizons 
higher in the section. The largest lens in the district 
lies just above the Alpine mine and is associated with 
northeast trending shears. Most faults with this orien­
tation carry some epidosite along their trace, but indi­
vidual occurrences are too small for map representation.
Epidosite throughout the district is relatively 
consistent in appearance, texture and mineralogy. The
50
rock is loosely aggregated, coarse and varies in color 
from light greenish gray (5GY 6/1) to greenish gray 
(5GY 8/1). Epidote, iron rich in darker and iron poor 
in lighter varieties, occurs as euhedral to subhedral 
crystals in equal portions with anhedral quartz and 
calcite grains and irregular segregates. Granular hema­
tite is a normal accessory and pale tan phlogopite marks 
the outer contact of some deposits. Small, idioblastic 
grossularite garnets are scattered through epidosite 
within 300 feet of the intrusive but are geneally ab­
sent higher in the section.
During final cooling of the Lone Mountain stock 
diversely oriented tensional fractures opening in re­
sponse to contraction served as conduits for fluids 
which randomly veined the Wyman Formation and Reed 
Dolomite with granular hematite. Veins of this origin, 
seldom more than 4 inches wide and 10 to 20 feet long, 
are a common feature across the district and show 
neither preferred orientation nor local concentration. 
Nearly every small fracture carries some of the material 
along its strike.
Individual veins are composed of multiple, thin 
anastomizing fractures bearing discrete granules of 
hematite and occasional pyrite psuedomorphs. Carbonate
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associated with the hematite is altered to ferroan dolo­
mite with sparse interstitial quartz. In outcrops the 
iron oxide weathers out in relief to black, scoraceous 
patches on the lighter dolomite, rendering the veins prom­
inent despite their narrowness.
The hematite veins are interpreted as representing 
the last phase of barren metasomatism in the district.
Some hematite accompanies ore at the Alpine mine, where 
lead-silver mineralization followed the deposition of 
iron oxides. The later, productive stages of hydrother­
mal activity are discussed in the section on ore deposits.
Age of Intrusion
The Lone Mountain, Weepah and Mineral Ridge stocks 
probably represent a single period of intrusive acti­
vity (Spurr, 1906, p. 25). Geologic evidence within the 
region serves to date this plutonism no more closely 
than post-Ordovician to pre-Middle Tertiary.
Recognizing petrologic similarities between grani­
tic rocks of the Silver Peak Quadrangle and those in­
truding Triassic and Jurassic strata in the Pilot and 
Excelsior ranges a short distance to the north, Spurr 
suggested a Late Jurassic to Early Cretaceous age for 
plutons of the Silver Peak region. In view of the 
widely divergent ages of intrusive rocks in western
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Nevada revealed by radiogenic age dating (Evernden and 
Kistler, 1970), such extrapolations between even moder­
ately separated petrogenic areas are of questionable 
value.
Available potassium-argon ages for minerals from the 
Lone Mountain and Mineral Ridge intrusives are catalogued 
in Table I. Figures were obtained through personal 
communication with J. H. Schilling of the Nevada Bureau 
of Mines and J. H. Stewart of the U. S. Geological 
Survey.
TABLE I. Potassium-argon age dates for the Lone 
Mountain and Mineral Ridge intrusives.
age (m.y.) mineral location
17.0 biotite Lone Mountain
19.5 biotite Lone Mountain
65.0 biotite Lone Mountain
67.2 biotite Lone Mountain
270.0 hornblende Lone Mountain
367.0 hornblende Lone Mountain
42.0 muscovite Mineral Ridge
51.0 biotite Mineral Ridge
The variable age-dating results suggest error in 
sampling or analytical technique. Major granitic in- 
trusives of confirmed Late Tertiary age (17 m.y., 19.5 
m.y.) are extremely rare in the western Great Basin 
(Schilling, 1965, p. 12; Silverman and McKee in Roberts, 
et al., 1971) . Analyzed hornblende was sampled from 
lamprophyre dikes which clearly post-date granitic facies 
rocks. The indicated extreme ages for plutons of the 
area (367 m.y., 270 m.y.) are not tenable.
Relatively consistent potassium-argon ratios in 
mica from both the Lone Mountain and Mineral Ridge stocks 
suggest an Early to Late Paleocene age for the intrusives, 
an interpretation supported by structural data. Deforma­
tion in the region, large scale strike slip faulting 
and oroflexing, began during Middle or late-Early 
Jurassic time and continued in some force through the 
Cretaceous (Albers, 1967, p. 151). Aside from jointing 
and recrystallized texture, plutons in the Silver Peak 
region show little evidence of having undergone post 
intrusive dislocation. Abated strike-slip movement 
occurred in the province as late as Middle Miocene time 
(Albers, 1967, p. 152). The Lone Mountain, Weepah and 





Recent Alluvium (Qal, Qf)
The extensive pediment west of the Alpine mining 
district is thickly mantled by Quaternary alluvium and 
fanglomerate. Contemporary seasonal streams are dis­
secting the mantle, leaving arroyos and channels filled 
with coarse sand and gravel.
Masses of gravel, silt, sand and boulders are ex­
posed in stream cut banks on the pediment. Banks up to 
30 feet high appear near the bedrock-alluvium contact, 
diminishing gradually downslope. Materials composing 
the banks are for the most part locally derived, being 
dolomite, quartz monzonite, pelitic hornfels and lampro­
phyre. A few exotic cobbles of both andesite and rhyo­
lite were found in deeper parts of some stream cuts.
Dolomite and granitic rocks are predominant in the 
alluvium, giving the banks an overall very pale yellow­
ish cast. Areas of the pediment surface are covered by 
a darker lag veneer of tough, resistant lamprophyre.
Weakly coherent, unsorted angular to subangular 
rubble makes up most of the alluvium, but poorly strati­
fied gravel moderately cemented by caliche appears in the 
section. Where dips could be taken on the thick, ill- 
defined bedding, average dip angles were concordant with
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but lower than the pediment slope and sometimes horizon­
tal, indicating a significant and recent depression of 
the local base level of erosion.
The thick pediment cover ends abruptly in a line 
of faceted gravel spurs along the frontal fault border­
ing the north end of the district. Contemporary sea­
sonal streams trending west and northwest off Lone Moun­
tain flow across the fault-line scarp to produce low, wide 
alluvial fans in Big Smoky Valley (Qf). Sand, gravel 
and cobbles indistinguishable from material on the pedi­
ment compose the normal stream load, but scattered 
boulders, several more than a yard in diameter, attest 
to the erosive power of these streams during seasonal 
flash floods.
Older alluvium, differing in both appearance and 
lithology from that in the vicinity of the Alpine dis­
trict, has been mapped in the Weepah area and assigned 
a probable Early to Middle Pleistocene age (Sonderman, 
1971, p. 49; Albers and Stewart, 1965, MF-298). The pedi­
ment cover adjacent to Lone Mountain extends southwest- 
ward to overlap this Pleistocene detritus and consequently 
is believed to be of Recent age.
Playa Deposits and Dunes (Qs)
Playa clays and silts are exposed on the floor of
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Big Smoky Valley and are added to during wet seasons 
when shallow lakes are formed. Lacustrine beds are 
probably more abundant at depth, for the region was much 
more humid throughout parts of the Pleistocene. Some of 
the adjacent valleys had permanent lakes during the Wis­
consin and earlier glacial stages. No strand lines were 
found to suggest that such a lake was present in Big 
Smoky Valley, but this evidence may have been destroyed 
by encroaching alluvial fans.
In stark contrast to the humid Pleistocene climate, 
wind-blown silt and sand are presently accumulating in 
small dunes on the valley floor. The forms of both seif 
and barchan dunes, anchored by vegetation, reflect pre­




Esmeralda County has been a location of marked 
crustal instability since the Late Paleozoic. Strata 
of the region record deformation of at least 3 major 
tectonic cycles - the Late Devonian to Early Pennsyl­
vanian Antler orogeny, the Permian Sonoman orogeny and 
a Jurassic-Cretaceous stage of diastrophism.
The Antler orogeny is manifested across Nevada by 
extensive southeastward overthrusts and locally abundant 
folds with axes trending north-northeast, parallel to the 
Cordilleran geosyncline. Structures of Antler age are 
concentrated in a tectonic zone forming a sinuous belt 
through the northeast corner of the state, southward 
through Wells, Elko and Eureka to as far south as Tono- 
pah (Figure 13). Structural complexity and a limited 
stratigraphic column southwest, beyond Tonopah, prevents 
confident extrapolation of the belt into Esmeralda County.
The Sonoman orogeny formed a tectonic zone paral­
leling but considerably northwest of the Antler belt. 
Effects of this orogeny are well documented in the vi­
cinity of Hawthorne, 50 miles north of Lone Mountain, 
where folding, southward and then eastward thrusting
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Figure 14. Generalized geologic and paleotectonic map of 
Esmeralda County (Modified from Albers, 1967, 
p. 146, and Albers and Stewart, 1965, MF-298).
i'T
produced the 70 mile long Gillis thrust (Silberling and 
Roberts, 1962, p. 11). Generally east-west trending 
folds in Ordovician strata of the Monte Cristo Range,
13 miles north of the Alpine district, have been assigned 
a Permian Sonoman age by Ferguson and Muller (1949) . 
Manifestations of Sonoman tectonism within the Alpine 
district and points south, if extant, cannot be posi­
tively identified.
A Jurassic-Cretaceous orogeny, preceding and accom­
panying intrustion of the Sierra Batholithic complex, may 
have left its structural imprint upon the county. North- 
south trending folds of Mesozoic age, tight and over­
turned adjacent to the Sierras but gentling gradually 
eastward, have been recognized as far east as the Spring 
Mountain range (Spurr, 1906, p. 31). Numerous small 
folds and thrust faults of similar age and orientation 
are described by Feruson and Muller in the Hawthorne 
Quadrangle. More recent studies neither confirm nor 
disprove the existence of similar structures in the 
vicinity of Lone Mountain.
Compressional structures of Antler, Sonoman and 
Jurassic-Cretaceous origin are subordinate to those re­
sulting from late Early Jurassic to middle Miocene strike- 
slip faulting in the region. Western Esmeralda County 
lies in a 50 mile wide and 300 mile long tectonic zone
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marking convergence between north-northeast trending 
ranges of the Great Basin and the northwest trending 
Sierra Nevada. Major tear faults and gigantic sigmoi­
dal folding of the earth's crust along this zone have 
horizontally displaced the Basin and Range an estimated 
80 to 120 miles southeastward relative to the Sierra 
(Albers, 1967, p. 143). Oroflexing is best displayed 
throughout the region in the arcuate pattern of plutons 
whose emplacement has been controlled by the folds.
The eastern boundary of the Sierra Nevada-Great 
Basin convergence zone is marked by Walker Lane, a linea­
ment passing just east of Lone Mountain and characterized 
by generally low relief with numerous valleys. Signi­
ficant right lateral displacement on this lineament is 
believed to reflect deep seated shear in the lower part 
of the crust or upper mantle. Gianella and Callaghan 
(1934, p. 21), Locke, at al. (1940) and Albers (1967, 
p. 144) have interpreted Walker Lane as a fault system 
analogous to and perhaps as important as the San Andreas.
Recent detailed mapping in the Weepah Hills (Sonderman, 
1971) and in the Alpine district (this study) has re­
vealed the presence in both areas of a well developed, 
northeast trending fault system which, based upon orien­
tation, age and sense of displacement, is considered to 
be a second order feature related to Walker Lane. A
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prominent continuation of the system is found at Mineral 
Ridge (Albers and Stewart, 1965, MF-298). The Lone 
Mountain, Weepah and Mineral Ridge plutons appear to be 
aligned on the structure.
Structural Features of the District 
General Statement
Effects of the Paleozoic Antler and Sonoman orogenies 
in the vicinity of Lone Mountain were apparently confined 
to the suprastructure and have been removed from the 
Alpine district by subsequent erosion. Tectonic fabric 
in the Precambrian strata is instead dominated by general­
ly north-northwest trending folds, overthrusts, northeast 
striking tear faults and flexures, all of which are 
assigned a Jurassic-Early Tertiary age. Folds and 
thrusts pre-date but may be in part contemporaneous with 
intrusion of the Lone Mountain stock and are a product 
of direct, east-west regional compression or a compres- 
sional resolution (oroflexing) of dexteral drag in the 
Sierra Nevada-Great Basin convergence zone as hypothesized 
by Albers (1965). Wrench faulting and flexing, concen­
trated in the northern portion of the mapped area, oc­
curred during and after intrusion of the pluton. Later 
diastrophism is expressed by Tertiary-Quaternary normal
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faulting which may have reactivated earlier wrench 
shears.
Folds and Thrust Faults
Reed Dolomite has in places been compressed to 
broad, symmetric folds best described as rolls in the 
massive carbonate. Often too ephemeral in the absence 
of key beds for individual mapping, the folds trend 
generally north-northwest, with closure .varying from 
200 to 600 feet and amplitudes of less than 80 feet. 
Folding apparently diminished downward in the strati­
graphic section, for similar structures are not evident 
in the Wyman Formation.
Bedded thrust faults in the district are, without 
contrary evidence, assumed to be a corollary of folding. 
Glide planes are variously evidenced by coarse, silici- 
fied breccia, discontinuous gouge zones with adjacent 
bedding contortion and allocthonous thrust slivers.
No estimates of horizontal displacement were possible.
Along the overthrust north of the Alpine Eagle 
Mine (Plate 1) the Wyman Formation has been faulted out 
and the Reed Dolomite is separated from the intrusive 
by only 1 to 2 feet of coarsely brecciated, silicified 
and pyritized hornfels in a limonitic jasperoid matrix. 
The tectonite is cut by undeflected lamprophyre dikes
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and does not contain granitic fragments, so the struc­
ture is diagnosed as pre-intrusive.
The southernmost exposed thrust fault in the dis­
trict, south of the Alpine Eagle Mine, lies 90 feet 
stratigraphically above the base of the Reed Dolomite 
and is marked by 1 to 3 feet of coarse dolomite breccia 
in a matrix of pink ferroan dolomite, traversed by thin 
veinlets of pyritic quartz. Steatization, characteris­
tic of sulfide mineralization in the area, occurs along 
a portion of the structure.
Thrusting at the Alpine Mine and just southwest of 
the Alpine Eagle Mine is evidenced by minor bedding 
contortion and thin, discontinuous gouge zones which 
appear to have localized hydrothermal activity along 
fault contacts. In the few available exposures at both 
locations the mylonite, generally less than a few inches 
thick, is found to be calcareous or partially altered 
to chlorite or talc. At the Alpine Mine the thrust plane 
conforms to broad folds in the Reed Dolomite but locally 
truncates smaller folds, indicating partial contempo- 
raniety between folding and faulting.
In addition to mapped faults, numerous small bedding 
slips displaying slickensides and mylonite zones an inch 
or less thick are a common feature in the area. These 
are most notable in pelitic horizons where in places the
gouge has been argillized, pyritized and iron stained by 
weathering sulfides. Locally the bedding slips become 
low angle thrusts which break across bedding and have 
served as planes for the intrusion of lamprophyre dikes. 
The incompetent mica schist horizon at the base of the 
Upper Reed Dolomite Member shows the most intraforma- 
tional thrusting of this nature.
Intrusive Structure
An investigation of pluton structure was not deemed 
essential to this project, so the Lone Mountain stock 
received little field attention. The following brief 
review was taken largely from the thesis of J. Sandy,
Jr. (1965).
The rugged topography of Lone Mountain is controlled 
by widely spaced, steeply dipping joints and high angle 
faults. Breaks are most common near the intrusive con­
tact where faults have been propogated into the sedimen­
tary overburden and filling lamprophyre dikes can be 
traced continuously from the stock into the Reed Dolo­
mite.
High angle faults are interpreted as marginal fis­
sures and thrusts accompanying upward rise and outward 
expansion of the pluton in a semi-crystalline state 
(Badgeley, 1965, p. 348). Movement on the faults is both
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normal and reverse, with displacement varying from inches 
to several feet. Resultant doming of the sedimentary ■ 
cover, though not major, may have intensely fractured 
the Reed Dolomite.
The bearings of photolinears representing both 
expansion joints and faults within the stock are plotted 
in Figure 15. Sandy established the modal orientation 
and sequence of joint development as being cross joints, 
N.70°E.; diagonal joints, N.24°E., N.75°W.; and longi­
tudinal joints, N.22°W. Based upon an analysis of joint 
patterns, faults and flow structures, he concludes that 
magmatic intrusion was lateral and parallel to the axis 
of the Lone Mountain anticline, in a northwest to south­
east direction. This hypothesis suggests flooring of 
the stock, a possibility which can neither be substan­
tiated nor disporoved with available data.
Wrench Faults and Flexures
Northeast trending vertical to high angle faults 
and flexures, with fault planes and forelimbs dipping 
northwest, typify the shear zone crossing the north end 
of the district. Widely scattered, small assymetric and 
disharmonic folds of short lateral extent, with closures 
ranging below 8 feet and axial trends varying from N.60°E. 







Figure 15. Rosette Diagram -  major photolineaments of the Lone Moun­
tain stock within the mapped area . L , longitudinal jo in ts ;
C, cross jo ints; D,diagonal jo ints; S , prominent shears .
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Most faults of the zone are small and can be distin­
guished in strongly jointed sedimentary outcrops only by 
close inspection. Many were no doubt overlooked. Fre­
quently breccia is either absent or weakly developed 
along traces, which are instead defined by thin seams 
of calcareous or argillaceous gouge. Where faults lo­
cally expand to several feet, the brecciated rock is often 
bleached or altered to epidosite skarn. Faulting is most 
prominently expressed by linear, northeast trending stream 
channels in which fractures are hidden by debris.
Lack of distinctive marker horizons throughout much 
of the district makes offset estimations impossible. Faults 
cutting the Wyman-Reed contact or pelitic horizons in the 
Reed Dolomite commonly produce dislocation on the order of 
a few feet.
Significant offset has occurred along the "Alpine" 
fault which can be traced discontinuously for 6 miles 
across the full width of Lone Mountain. Dips on the 
fault plane vary between 52° and 77° northwest and most 
striated slickensides indicate normal displacement. 
Twenty-seven feet of stratigraphic throw were measured 
at the Wyman-Reed contact. In the center of the district 
the fault is lost in massive carbonate, but may be ex­
pressed as a rubble filled trough adjacent to the pedi­
ment. Displacement here, based upon juxtapositioning of
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the Middle and Upper Reed Dolomite Members across the 
low, is believed to be in excess of 50 feet. The struc­
ture apparently did not serve as a conduit for hydro- 
thermal solutions. Epidosite and granular hematite 
characteristic of many faults in the district are 
totally lacking. Weak bleaching and dedolomitization 
which do occur are probably supergene in origin.
Lesser shears in the area often fade into small 
flexures, accompanied by crestal fractures. Consistent 
dips on forelimbs to the northwest range from around 
55° to near vertical. Displacement on most of the 
structures is small but, in the vicinity of the Alpine 
Mine flexural offsets of 10 to 30 feet have occurred.
One of the larger and better exposed folds, appearing 
just below the Alpine Mine, is illustrated in Figure 16.
Recent movement on northeast trending shears is 
deemed to be largely normal, as evidenced by most fault 
striae and flexural displacement. However, isolated 
remnants of slickensides at nine widely separate loca­
tions indicated some horizontal tear, with groove plunges 
varying from 10° to 60° northeast within fault planes. 
Coupled with the dextral strike-slip nature of north­
east trending faults in the Weepah district (Sonderman, 
1971) and the prevalence of wrench faulting throughout 
the region (Albers, 1965), the striae are interpreted as
Figure 16. Flexure in the Reed Dolomite in 
the vicinity of the Alpine Mine. The crest- 
al fracture shows reverse drag. Greenish 
rock at the core of the fold is epidosite 
skarn found sporadically along the fault.
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representing a component of Early Tertiary right-lateral 
offset.
Initial tectonism in the zone was in part contem­
poraneous with igneous activity. Northeast trending 
dilations in the vicinity of the Alpine Mine have served 
as structural channels for both lamprophyric dikes and 
late intrusive stage hydrothermal fluids. Associated 
en echelon tension fractures within the mine were loci 
of hypogene mineralization. The combined orientation 
and displacement pattern of Walker Lane, the northeast 
trending shears and the en echelon fractures fit well 
the model for first, second and third order wrench 
fault structures projected by Moody and Hill (1956).
Cenozoic Normal Faulting
Continuing movement on the "Lee" fault at the north 
end of the Alpine district bears witness to recent tec­
tonism in the region. Small, branching gravel scarps 
defining the fault west of Lone Mountain are probably 
no more than 40 years old. The area lies in the most 
historically active seismic zone in the western United 
states (Ryall, et al., 1966) and major earthquake epi­
centers have been recorded in the vicinity as recently 
as 1934.
Existence of the "Lee" fault across most of the
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district must be inferred from the steep frontal scarp 
terminating the Lone Mountain stock. Five hundred 
yards northeast of the Dutchess Prospect and for 2,500 
feet along strike the fault trace is marked by a 20 to 30 
foot wide breccia zone separating quartz monzonite from 
a downdropped block of Reed Dolomite. The breccia con­
sists of pelitic hornfels chips and fragmented dolomite 
in loose, argillic and locally rust stained gray-green 
soil. Northeast of this area the fault is buried under 
recent alluvium.
Graphic solutions indicate a minimum offset of 400 
feet but potentially as great as 2,000 feet on the "Lee"
tfault within the district. At the northeast corner of 
Lone Mountain the Middle Cambrian Harkless Formation 
and Reed Dolomite are in fault contact, indicating 
3,000 to 5,000 feet of displacement (Sandy, 1965, p. 36). 
Miocene-Pliocene rhyolite and quartz prophyry dikes and 
flows concentrated in the vicinity may have risen along 
the fault plane.
Without evidence to the contrary, most recent off­
set on the "Lee" fault is believed to be normal. However, 
the structure parallels and is closely associated with 
Early Tertiary wrench faults in the district. Conse­
quently it is interpreted as being dual in nature. Dex- 
tral strike-slip related to Walker Lane may have generated
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the break as early as late Early Jurassic and continued 
into the Early or Middle Miocene. High angle normal 
faulting, resulting in typical Basin-Range structure, 
either overlapped the period of wrench stress or reac­
tivated the earlier shear and continues to the present. 
Evidence for the similar dual nature of other Tertiary 
normal faults in the region has been documented by Shawe 
(1965).
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SUMMARY OF GEOLOGIC HISTORY
Paleozoic geology in the region is dominated by 
structural and stratigraphic features of the Cordilleran 
Geosyncline.
Late Precambrian epeirogeny produced a marine shelf 
flanking an emergent craton whose western limits lay 
somewhere near the Arizona-Nevada border. Granitic 
debris, swept westward across the shelf by marine cur­
rents and deposited in a tectonically stable environment, 
produced the oldest strata in the geosyncline, locally 
represented by the pelitic Wyman Formation. Changing 
patterns of sediment transport and reduction of emergent 
source-lands had effectively diminished clastic influx 
by the time chemical precipitates were deposited to form 
the Reed Dolomite.
Renewed epeirogeny at the end of the Cryptozoic 
divided the subsiding Cordilleran trough into three 
structural environments and corresponding sedimentary 
facies; an eastern carbonate facies (miogeosynclinal) 
and a western siliceous and volcanic facies (eugeosyn- 
clinal) separated by a transitional zone. Northern 
Esmeralda County lay near the center of the carbonate 
facies where deposition is believed to have continued 
undisturbed from earliest Paleozoic to late Devonian
time. Faulted remnants of Cambrian formations in the 
county, aggregating a thickness of 8,300 feet, are re­
maining evidence of miogeosynclinal sedimentation which 
in areas to the north produced 15,000 to 20,000 feet of 
Cambrian, Ordovician, Silurian and lower Devonian strata.
During the Late Paleozoic the first of three major 
tectonic cycles to affect Cordillera interrupted geo­
synclinal sedimentation. Near the end of the Devonian 
the Antler orogeny initiated gradual persistent uplift 
of a belt along the western side of the miogeosyncline 
to form the Manhattan Geanticline. Elevation of the 
Lone Mountain vicinity on the high began a period of 
intermittent emergence which prevented, or removed evi­
dence of, sedimentation in the area until Middle Tertiary 
time. Therefore, subsequent geologic events, represented 
throughout Esmeralda County by a great hiatus, must be 
inferred from a knowledge of regional history.
Elsewhere in Nevada in the late Paleozoic the Antler 
orogeny, continuing into the Middle Pennsylvanian, thrust 
large plates of eugeosynclinal and transitional strata 
over rocks of the miogeosyncline. Contemporaneous with 
thrusting, uplifted source-lands shed coarse debris ad­
jacent to tectonic belts, forming sytectonic deposits which 
are known, in central and northern Nevada, as "overlap" 
assemblages. Simultaneously, crustal deformation in the
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miogeosyncline produced an environment of local basins 
receiving terrigenous elastics from isolated, epeirogenic 
highs.
Typical deep water eugeosynclinal sedimentation 
continued undisturbed throughout the Antler cycle but 
was abruptly terminated by regional uplift and oceanic 
regression during the Late Permian Sonoman orogeny.
From late Permian to Jurassic time the miogeosyncline 
was eroded, while a nearly continuous succession of 
shallow marine, terrigenous and volcanic strata were 
deposited in western Nevada near the eastern margin of
an advancing and retreating sea. Deposits typical of
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the period form the Diablo, Gillis and Luning Sequences 
just north of Esmeralda County. Lack of comparable 
strata in the vicinity of Lone Mountain suggests that 
this area continued as an emergent source-land.
Marine sedimentation in Nevada was ended by regional 
elevation and intrusion of the Sierra Batholithic Complex 
during the Jurassic-Cretaceous orogeny. The Great Basin 
became a broad upland plateau shedding debris westward 
across the present site of the Sierra and eastward onto 
the continent. Concomitant with uplift, wrench faulting 
with oroflexing began in the Sierra-Great Basin convergence 
zone and block faulting, responsible for most of the state's 
current physiography, commenced in areas to the east.
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Widespread plutonism ensued'and two subsequent pulses of 
intrusive activity occurred in the Lone Mountain region. 
During the Early Cretaceous (143-168 m.y.) the Dyer, 
Palmetto and several less well exposed plutons (Figure 14, 
p. 58) were emplaced along the Silver Peak-Montezuma- 
Palmetto oroflex. Late syntectonic intrusion produced 
the Mineral Ridge, Weepah and Lone Mountain stocks in the 
Paleocene. The younger plutonism corresponds partially 
in age to initial phases of the Laramide Orogeny which 
mainly affected the eastern Great Basin (Silberman and 
McKee in Roberts, et al., 1971, p. 17).
Block faulting initiated during the Jurassic-Creta­
ceous orogeny became intense by Early Miocene time and 
was accompanied by widespread volcanism. Two principle 
eruptive episodes are known to have occurred (Robinson, 
et al., 1968, p. 579). Oligocene-Early Miocene ash-flow 
sheets covered much of east central Nevada to form what 
is known as the "ignimbrite province". Esmeralda County 
lay on the south-western margin of the province and evi­
dence for this early volcanism is mostly lacking. How­
ever, eruptions from volcanic centers as near as Mineral 
Ridge during the Miocene and Pliocene filled local gra- 
bens with thick sequences of pyroclastic debris. Big 
Smoky Valley, bordering the Alpine District on the north, 
is known to contain 9,000 feet of Miocene-Pliocene
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agglomerate which serve as. the type section for the 
widespread Esmeralda Formation.
Major volcanism and tectonism ceased in the region 
by late Pliocene time. During the Pleistocene glacial 
epoch intermontane basins developed in response to block 
faulting were filled by interconnecting lakes. Evapora­
tion of these lakes at the close of the Pleistocene 
covered lowlands with alkali rich playas and lacustrine 
sediments.
More recent geologic history is characterized by 
continuing movement on Tertiary normal faults and active 
pedimentation and erosion of uplifted ranges. Constant 
rejuvenation maintains youthful geomorphology in the 
region, accompanied by the formation of coarse detrital 
fans along range fronts and alkali flats with sand dunes 
on the valley floors.
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ORE DEPOSITS
Ore deposits in the Lone Mountain-Weepah-Mineral 
Ridge region are characterized by two distinct mineral 
assemblages selectively localized by the composition 
of the sedimentary host rock. Lodes of pyrite-chalco- 
pyrite-gold in quartz gangue appear in pelitic strata 
of the Wyman Formation while argentiferous galena- 
sphalerite replacement bodies occur in the Reed Dolomite. 
Both types of deposits are represented at separate loca­
tions in the Alpine district.
Small quartz veins bearing pyrite and chalcopyrite 
with free and intra-sulfide gold fill shear dilations 
on the Dutchess prospect at the north end of the Alpine 
district. Essentially identical ore typifies the Weepah 
district and has been described in detail by Sonderman 
(1971).
Lead-zinc-silver ore is prevalent within the Alpine 
district. Claims of the Nevada Alpine Mining Company 
contain three base metal deposits which account for the 
total production. The nature of these ore bodies is sum­
marized by Spurr (1906, p. 83):
"The ores consist in part of small quartz 
seams containing galena. These contain 
silver but are of low grade and are not 
mined. However, they lead to bodies of 
mixed galena and sandy lead carbonate 
which often show copper and iron staining
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due to oxidation: These ore bodies are 
the result of replacement of the dolo­
mite. They widen to irregular pockets 
or rough lenses and occur strung to­
gether or separately along bedding planes 
in the dolomite. Where examined in the 
vicinity of the Alpine Mine they are con­
fined to a certain zone in the bedding. 
Above and below this horizon, called a 
"floor" by the miners, are lesser lenses 
of ore. The prospects which have been 
found outside of the horizon upon which 
the Alpine Mine is situated have not 
yielded any considerable amount of pay
From a limited number of unoxidized samples, hypo- 
gene sulfides forming the "Alpine" ore were determined 
to be galena, iron rich sphalerite (marmatite), molyb­
denite, enargite and ruby silver (proustite-pyragyrite) 
in manganosiderite gangue. Microscopic gold occurs as 
rounded grains associated with particles of relict quartz 
in the oxide ore (Figure 17) and dispersed in the peri­
pheral quartz sills. Figures 18 and 19 are photomicro­
graphs of enargite and ruby silver in one of the few 
specimens of sulfide protore found suitable for pre­
paration. An assay of galena from the sample yielded 
27 ounces of silver and .34 ounces of gold per ton. 
Without electron microprobe confirmation, most silver 
is assumed to be contained in proustite-pyragyrite. 
However, some precious metal is probably interlatticed 
with enargite and lead sulfide. Marmatite was not
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Figure 17. Photomicrograph of gold in quartz 
gangue from the Alpine Mine. The color of the 
metal indicates a low content of alloying silver. 
Dark material surrounding the quartz in the photo 






Figure 18. Photomicrograph of enargite (darker 
gray) in coarse grained galena. At higher mag­
nifications minute flakes of pale blue, second­
ary covellite can be detected at the enargite- 
galena grain boundaries. Approximately 500 
diameters; crossed nicols.
Figure 19. Photomicrograph of proustite-pyr- 
agyrite, recognized by pinkish internal reflect­
ance, in coarse grained galena. Approximately 
500 diameters; crossed nicols.
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identified in the prepared specimen but was magnetically 
separated from galena in other samples. Significant 
amounts must have accompanied the hypogene ore because 
hemimorphite forms an estimated 5% of the supergene as­
semblage .
Shipping ore from the district consisted mainly of 
vuggy, friable aggregates of nodular and massive cerus- 
site cemented by hemimorphite (Figure 20). The ore 
frequently adheres to and contains limonite-carbonate 
boxwork psuedomorphs displaying the rigidly parallel 
cleavage form of galena. The cerussite varies from 
smoke gray or translucent white to adamantine; the 
hemimorphite amber to brown. Light orange transported 
limonite is mixed with and covers the masses along with 
very fine amber platelets of hemimorphite and needle-like 
psuedohexagonal prisms of cerussite. Powdery soot black 
to maroon wad consisting of pyrolusite, goethite and 
hematite and containing a trace of native silver is 
laminated with and irregularly blotches some of the 
rock. Silver halides, believed to be the important pay 
mineral, are not abundant on the dumps. Only small 
quantities of cerargyrite, oxidized to a pale lavender 
by exposure to the sun, were found as small vug fillings 
in oxide ore. Microscopic amounts of pale gray silver 
chloride were scraped from a few pieces of waste found
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Figure 20. Photograph of sandy lead carbonate 
ore from the Alpine Mine. Two-thirds diameter.
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within the stopes and identified by x-ray diffraction, 
but most of the mineral is believed to have occurred as 
microscopic inclusions and thin surface coatings.
Assays of secondary ore from base metal deposits 
in the district yielded the results listed in Table II. 
Average grade of the concentrates of eight samples from 
the Alpine Mine, which produced an estimated 95% of the 
district's values, was 41 ounces per ton silver, .48 
ounce per ton gold, 32% lead and 5.5% zinc. The Alpine 
Eagle concentrate grade was lower, averaging 22 ounces 
and .55 ounce of silver and gold respectively, 32% lead 
and 4.2% zinc. Sulfide mineralization in quartz gangue 
at the Northern Alpine Prospect is not of ore grade and 
hypogene minerals are only partially oxidized. The 
single reported value was calculated from fire assays 
of homogenized, split samples, one acid treated to remove 
carbonates and sulfates.
Fire assay results demonstrated no consistent inter­
relationship between precious metal, lead and zinc con­
tent. Returns in general failed to substantiate the 
grade of 100 oz./ton silver and 1 oz./ton gold in ore 
containing 50% lead as reported by Couch and Carpenter 
(1943, p. 55).
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Description of Mines and Prospects 
Dutchess Prospect
Workings at the Dutchess Prospect consist of two 
shallow exploration shafts with short drifts. The 
developments are in the upper Wyman Formation in an 
imbricate shear zone paralleling the "Lee" fault.
Mineralization is expressed on the surface of the 
claims by several narrow, discontinuous, vertical quartz 
veins, nowhere greater than 2 feet in width. A thin 
gossan of black to ocherous goethite, pyrolusite, hema­
tite and minor jarosite caps the quartz. Altered horn- 
fels adjacent to the veins carries sparse patches of 
malachite stain.
Two feet below the surface malachite rosettes and 
limonite fill fractures in the quartz, and malachite 
blades accompany drusy quartz in cavities. Angular 
limonite boxwork psuedomorphs after chalcopyrite and 
pyrite compose up to 3% of the lodes. Weakly staining 
some of the fracture surfaces is a canary yellow mineral 
believed to be ferrimolybdite, although sufficient 
amounts could not be separated for positive identifi­
cation .
Microscopically the veins consist of a very fine to
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medium mosaic of idiomorphic quartz grains with scattered 
blades of muscovite and minor, interstitial sericite. 
Irregular, concentrated patches of sericite dispersed 
through the rock are thought to represent fragments of 
engulfed, altered hornfels. Discrete grains of chalco- 
pyrite and pyrite, largely oxidized to and surrounded 
by fringing limonite and malachite, are concentrated 
in streaks and lenses. Quartz closely associated with 
the sulfides bears microfractures filled with sericite 
and clay. The chalcopyrite and pyrite are accompanied 
by some granular hematite.
Within 1 foot of veins the Wyman strata have been 
mildly pyritized, partially altered to fine sericite, 
silicified, weakly argillized and microveined by later 
quartz. Six hundred feet northwest of the shafts another 
4 foot zone of Wyman hornfels has been coarsely brecciated 
along parallel fractures and similarly altered and miner­
alized. In this zone, however, large quartz veins and 
copper sulfides are absent and minor fluorite accompanies 
the later quartz microveins.
Alpine Mine
The Alpine Mine lies central to the mapped area,
110 feet stratigraphically below the top of the middle 
Reed Dolomite member. Figure 21 is a photograph of
the mine looking due east. Aside from a few prospect 
pits and short adits in the vicinity, exploration and 
development has been limited to interconnecting lenses 
and pods of oxide ore concentrated along a single bed­
ding fault. These workings were mapped at a scale of 
1 inch to 20 feet using a Brunton compass and tape 
(Plate 2).
The ore bodies lie in an area of shallow north- 
northwest trending folds. Mineralization was laterally 
controlled in a zone of transection between northeast 
trending shears and a lower magnitude, northwest striking 
fault system. Stress at the intersection produced en 
echelon tension fractures vertically localized by a pre- 
intrusive thrust plane. Subsequent mineralization occurred 
along east-northeast trending dilations at the base of 
the thrust, forming sulfide pipes thinning outward into 
irregular lenses. Fractured rock in the tensional faults 
and mylonite on the decollement were mostly replaced by 
ore, but a few pillars in the mine retain pulverized, 
altered carbonate marking the thrust plane. Coarse 
dolomite breccia presently found along some east-north­
east trending fault traces and shown on Plate 2 is 
interpreted as a product of later movement. The lesser 
northwest trending fault system was notably mineralized
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Figure 21. Photograph of a portion of the 
mapped area looking due east. Waste dumps 
central to the photograph mark the location 
of the Alpine Mine.
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at only one place, near the #4 portal.
Recurrent offset along northwest and east-northeast
trending fault systems no doubt fractured the primary
ore, aiding later supergene processes. Only traces of
hypogene sulfides, small kernels of galena and marmatite
in carbonate gangue, were found in dolomite wall rock
in the stopes. Protore in carbonate gangue is equally
scarce on the waste dumps. A lensoidal seam of quartz 
1
near the #3 portal was found to contain unoxidized galena 
dispersed along microfractures, but this rock is not 
representative of interior lenses.
Aside from the peripheral quartz, very little gangue 
appears to have accompanied sulfide deposition. Only 
sparse jasperoidal quartz veinlets and fractures bearing 
manganoan siderite were noted in altered dolomite samples 
from the waste dumps. The amount of wad in the ore and 
dendritic pyrolusite on all fractures in the stopes 
suggest that manganosiderite gangue was originally 
more abundant but has been leached away. Granules and 
flakes of hematite also occur on fractures, appearing 
to increase toward the margins of ore lenses. Fine, 
disseminated cubic psuedomorphs of limonite after pyrite 
are found in some wall rock samples, are more numerous 
in the altered lamprophyre sills, but are nowhere abun­
dant .
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Carbonate ore on the waste dumps contains a variety 
of secondary minerals in addition to cerussite, hemi- 
morphite and wad. Encrusting, powdery red minium and 
small quantities of smithsonite were identified in a 
few samples. Ore from the northernmost dump carried 
delicate, yellow platelets of wulfenite in vugs while 
yellow-green ferrimolybdite stains fractures and hanging 
walls in the adjacent stopes.
Elsewhere in the mine traces of light ochre-yellow 
plumbojarosite (PbFe6 (OH)1 2 (so4 )4 ) occupy fractures under 
the ore horizon. Talcose bedding planes within and below 
the stopes have served as barriers for the precipitation 
of both auricalcite (2(Zn,Cu)C02 •3(Zn,Cu)(OH)2) and chryso- 
colla. Pale, blue-green auricalcite is generally associated 
and at several places interlaminated with transported lead 
and zinc carbonates. Chrysocolla, produced by the reaction 
of cupric sulfate solutions with quartz in the steatized 
wall rock, forms a pale blue mixture with unreactive 
talc. Supergene quartz, calcite, dolomite and limonite 
paint are common on stope walls.
Most of the carbonates and silicates yielded by 
hypogene galena and marmatite remained within the cavity 
formed by the oxidizing ore bodies. Relatively small 
amounts were leached downward and this for but a short
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distance. Exotic cerussite is found in lower work tunnels 
only where open fractures were available for percolating 
solutions. Zinc typically showed greated mobility and 
hemimorphite appears on fractures in tunnels 30 feet 
below known ore occurrences.
Hydrothermal alteration of wall-rock during miner­
alization was closely confined to the central bedding 
thrust, adjacent fissures and faults. Unbroken dolomite 
a few inches from ore in the hanging and foot walls is 
often free of alteration minerals. Rock in immediate 
contact with ore has been altered to a fine aggregate 
of talc, calcite, quartz and tremolite. Tremolite 
diminishes rapidly outward while talc persists in places 
up to 50 feet away on the ore bearing horizon. Tremo­
lite is most prominent as large radiating groups found 
in contact with the quartz lense near the #3 portal.
Surrounding the zone of talc-tremolite alteration, 
dedolomitization has occurred along bedding planes and 
joints. Thin veins of coarsely crystalline calcite 
appear at a few places both above and below the ore 
lenses and steatized dolomite throughout the mine 
carries traces of chlorite.
A band of more intense chloritization crosses the 
southernmost ore lenses and is expressed as a northwest
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trending zone on the surface. Where noted on Plate 2, 
coarse flakes of apple green penninite (Hg(Mg,Fe)5 
A^SigC^g) replace earlier alteration minerals along 
bedding slips and fractures. The surrounding steatite 
is partially altered to chlorite and the resulting rock 
is a very fine grained, light green mixture of talc, 
chlorite, calcite, and quartz with minor hematite and 
epidote. In surface outcrops the zone is marked by 
films of very fine grained chlorite on bedding planes 
and fractures.
In a single northward drift on the Alpine floor, 
unaltered dolomite grades laterally into a dense, fine 
grained, light olive-green rock of epidote with minor 
calcite, chlorite, dispersed granular hematite and a 
trace of quartz. Alteration pervasively affected all 
dolomite exposed in the north end of the drift and did 
not appear related to any structural feature. This 
subsurface epidosite varies widely in color, texture 
and mineral ratios from skarn produced by earlier meta­
somatism throughout the district.
Prior to metallization several lamprophyre sills 
were intruded along the ore horizon, fractured by north­
east trending faults and altered by hydrothermal solu­
tions. Moderately altered spessartite contains knots of
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flamboyant chlorite and chlorite shreds replacing horn­
blende phenocrysts. Feldspars in the rock matrix have 
been partially replaced by granular epidote, hematite, 
clay and fine pyrite cubes. Near centers of mineraliza­
tion the igneous fabric is totally destroyed and sills 
have gone completely to a dark green, waxy mixture of 
chlorite, illite and granular iron oxides with minor 
zoisite, sphene, pyrite and quartz. Within the limits 
of fire assay detection, mafic intrusives in the vicinity 
of the mine are free of precious metal.
Surface geology surrounding the Alpine Mine was 
mapped at a scale of 1 inch to 80 feet, employing a 
Brunton compass and optical rangefinder (Plate 4). De­
tailed investigation showed that beyond the stopes miner­
alization on the Alpine "floor" is denoted, from ore lenses 
outward; by steatization, limonitic jasperoid, a broad 
irregular halo of tcemolitic dolomite and peripheral 
lenses and pods of white, porcellaneous jasperoid.
Soft gouge which indicates thrusting within the mine 
has been eroded from surface outcrops, leaving scant evi­
dence of the existing structure. However, small amounts 
of talc and calcite on bedding planes and joints in a 3 
foot stratigraphic horizon north and south of the main 
developments are believed to mark a continuation of the
96
fault. Seven hundred feet south of the mine the decolle- 
raent expands to an imbricate thrust zone where steatiza- 
tion is locally intense.
Near the southwest margin of the mapped area a 1 to 
4 inch thick sill of limonitic jasperoid occupies the 
fault plane. A similar lense of jasperoid was mapped 
underground. At both locations the rock carries streaks 
and fragments of hematite which appears to have been 
brecciated before being engulfed.
Poorly defined zones of weak tremolitic altera­
tion surrounding the mine bear an uncertain relationship 
to the ore bodies. Tremolite in the halo occurs as 
scattered prisms and blades up to 2 inches long which 
can be detected only where crystals have been eroded 
out of the rock, leaving lath-like vugs on bedding planes. 
The nature of this early (?) tremolite differs markedly 
from the coarse, radiating groups and fine, dispersed 
amphibole found in close association with the sulfide 
ore. Similar tremolite elsewhere in the district is not 
associated with hydrothermal activity and is deemed to 
be a contact metamorphic product of impure dolomite.
In the extremities of the mineralized area the 
"Alpine" horizon is marked by small lenses of white, 
very fine grained jasperoid. Southeast of the mine
white jasperoid lies in vein configuration along a 
northeast trending fracture. The vein dips an average 
70° west, is in places 8 feet wide and continues for 
270 feet along strike. In thin section the jasperoid 
is typically reniform and contains minor calcite (2%) 
in a matrix of anhedral quartz clouded by submicroscopic 
inclusions. Discrete fine cubes of pyrite altered to 
and fringed by limonite compose less than 1/2% of the 
material and some minute grains of hematite (?) were 
detected along grain contacts. Neither silver nor gold 
were found in the rock by fire assay, but nearly identi­
cal jasperoid in the Weepah district has been noted to 
contain gold values from .01 oz/ton to .10 oz/ton and 
silver values from .01 oz/ton to 1.74 oz/ton (Sonderman, 
1971, p. 81).
The white jasperoid is genetically related and at 
one place gradational into silicified dolomite, a thick 
lens of which crops out above the Alpine Mine. Medium 
chocolate brown when fresh and weathering dark brown to 
black, the lens rock consists of euhedral and subhedral 
rhombs of ferroan dolomite (80%) in a matrix of jasper- 
oidal quartz (16%), granular hematite (3%) and pyrite 
(1%). Traces of lead detected by arc spectrography 
indicate the presence of galena. Fire assays of the rock
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showed values which ranged from a trace to .08 oz/ton 
gold and .67 to 1.12 oz/ton silver. Analysis of physical 
separates proved the bulk of the precious metal to be 
contained in pyrite.
Northern Alpine Prospect
The Northern Alpine Prospect lies 1,500 feet north­
east of the Alpine Mine. The property is in line with 
shears which introduced mineralization at the Alpine 
Mine and occupies approximately the same stratigraphic 
horizon.
Development on the site consists of a single adit, 
180 feet long, with two short laterals cut through a 
massive quartz lens. The lens crops out near the adit 
portal as a 3 inch seam of quartz stained by dark gray, 
dendritic pyrolusite and ornage-brown goethite. For 
approximately 50 feet west of the outcrop, the mineral­
ized bedding plane is occupied by calcareous dolomite 
gouge, generally less than 2 inches thick but expanding 
to 2 feet at one point.
Underground the developed lens is two feet thick 
at the core, tapering away gradually to either side for 
a total exposed width of 40 feet. The quartz (Figure 22) 
is smoky bluish-white and only moderately fractured.
Figure 22. Photograph of galena in quartz 
from the Northern Alpine Prospect. Galena 
occurs as replacement patches along micro­
fractures healed by quartz. Cavities asso­
ciated with the galena contain sponge-like 
cellular limonite psuedomorphs which are 
believed to be residual from marmatite.
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Microscropically it is a mosaic of fine and medium, equant 
grains interlocked along sutured margins and heavily 
clouded by submicroscopic inclusions. Galena, par­
tially altered to anglesite and cerussite, forms irre­
gular replacement patches along microfractures, be­
coming more abundant near the lens-wall rock contact.
As at the Alpine Mine, dolomite in contact with the quartz 
has been altered to coarse, radiating tremolite, while 
further away, talc, calcite and quartz predominate. 
Disseminated granules of hematite and minor pyrite 
appear in fractures and thin calcite veins are numerous. 
Altered dolomite in a drift running due west from the 
main adit contains traces of chlorite mixed with talc, 
calcite and quartz.
Galena forms an estimated 5% of the quartz lens 
and is only marginally oxidized. A polished surface on 
one specimen showed the sulfide to be, within the 
limits of microscope detection, free of enargite and 
ruby silver. The absence of these phases accounts for 
the total lack of supergene copper mineral in the area 
and low assay returns on cleaned and concentrated 
galena, averaging 5.8 oz/ton silver and .21 oz/ton gold.
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Alpine Eagle Mine
At the Alpine Eagle Mine two shafts were sunk upon 
thin , northeast trending veins of dark jasperoid. A 
pod of material similar to that inspiring the enter­
prise crops out 20 feet east of the shafts and is iden­
tical to the iron-rich, silicified dolomite appearing 
above the Alpine Mine.
Approximately 30 feet below the surface the shafts 
encountered sulfide bearing quartz. Drifts along the low 
grade ore led to a few small seams and lenses of sandy 
lead carbonate. The present condition of the workings 
prevented examination underground but, according to 
Spurr (1906), the ore bodies were conformable and ex­
tended as far as but not into the intrusive.
Waste dump samples at the mine carry the typical 
assemblage of galena replacing dolomite with sparse 
manganosiderite gangue, fringing hematite and pyrite. 
Voids with angular boxworks of limonite and indigenous 
hemimorphite comprise up to 10% of some ore. Mineral­
ized blue-white quartz, identical to that at the North­
ern Alpine Prospect, is in contact with dolomite altered 
to tremolite, talc, calcite and disseminated quartz. 
Traces of malachite and wulfenite accompany cerussite 
hemimorphite, chrysocolla, hematite and goethite in the
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supergene assemblage. Neither elemental silver nor 
cerargyrite were detected in the ore, but assays aver­
aging 22 oz/ton silver and .55 oz/ton gold indicate their 
presence.
Hydrothermal alteration in the vicinity was appar­
ently closely confined to the ore horizon; none could 
be detected in dolomite near the shaft collars. Micro­
veins of calcite with fine, granular iron oxide fringed 
by limonite appear in thin sections of siliceous ada­
mellite from near the outcropping dark jasperoid. Cal­
cite is a primary component of the granitic facies but 
abundant iron oxides seem peculiar to the mineralized 
area.
Adjacent to the Alpine Eagle shafts a prospect adit 
follows several thin quartz seams for 25 feet along 
mylonized bedding planes in the upper Wyman Formation. 
Sparse, discrete grains of galena rimmed by cerussite and 
fine limonite psuedomorphs after pyrite form less than 
1% of the exposed seams. Limonite stained fractures in 
the quartz bear small flakes of specular hematite and, 
where extending into pelitic wall rock, have thin films 
of montmorillonite. Coarse calcite appears in other 
fractures and hornfels within several inches of the 
seams is partially altered to sericite. Mylonite on
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bedding slips which controlled mineralization has been 
thoroughly dedolomitized.
Additional lenses of steatized dolomite were opened 
by prospects on the thrust fault south of the Alpine 
Eagle Mine. Only three, those circled on Plate 5, encoun­
tered traces of dispersed galena in talc-tremolite-calcite 
skarn. A two foot thick lamprophyre dike exposed in one 
adit carries up to 2% fresh pyrite and pyrrhotite in small 
knots with quartz. More pyrite occurs in the dike as 
individual cubes in a fine matrix of chlorite, epidote, 
quartz, calcite and magnetite. Dolomite adjacent to the 
lamprophyre suffered weak talcose alteration but carries 
no sulfides. A single assay return on the dike rock shows 
it to contain only traces of precious metal.
Genesis of Ore Deposits
The available geologic evidence suggests that gold- 
quartz and base metal ores of the Alpine mining district 
were deposited by fluids that emanated upward and outward 
from the Lone Mountain stock during one episode of 
sequential mineralization. Field criteria, wall-rock 
alteration and the sulfide-oxide assemblage indicate 
mesothermal deposition at temperatures in the 300°-450° 
centigrade range and at depths which may have lain any­
where between 3,000 to 10,000 feet (Ridge, 1969, p. 1817).
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The response of ascending hydrothermal fluids to changing 
wall rock, decreasing pressure and the geothermal gradient 
away from the intrusive source produced sequential de­
posits which compare favorably with model vein systems 
(Emmons in Park and MacDairmid, 1964) and sulfide para- 
genetic series.
Pyrite, chalcopyrite and gold with traces of molyb­
denite precipitated in quartz veins on the Dutchess 
Prospect represent the highest temperature mineral 
assemblage. Quartz gangue and sulfides were emplaced 
at points of dilation in northeast trending shears.
Narrow alteration halos of sericite and kaolinite in 
non-reactive wall rock evidence weak argillic facies 
metasomatism (Burnham, 1962, p. 771).
Quartz, gold, manganosiderite, molybdenite, enargite, 
marmatite, galena and ruby silver precipitating in re­
sponse to neutralizing conditions in overlying carbonate 
strata were deposited where fluids ascending northeast 
trending conduits were impeded by gouge on pre-intrusive 
thrust faults at the Alpine Mine. Accompanying hydro- 
thermal alteration formed an equilibrium assemblage under 
the conditions of albite-epidote facies metamorphism which 
prevailed throughout the country rock. Metasomatic products 
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Four stages of hydrothermal activity were associated 
with base metal replacement. Their results can best be 
summarized as calc-silicate skarn formation, iron oxide 
deposition, gangue and sulfide replacement - a sequence 
typical of mineralization in carbonate host rock.
Initially iron, silica and alumina were metasoma- 
tically added to dolomite throughout the district to 
form epidosite skarn, accompanied by grossularite garnet 
in higher temperature environments near the intrusive 
contact. Contemporaneous diffusion of siliceous fluids 
in favorable areas may have locally produced sparsely 
tremolitic dolomite such as that in the vicinity of the 
Alpine Mine. Slightly later widespread hydrothermal 
activity deposited hematite in fractures and on bedding 
thrusts.
With a deeper penetration of structural conduits 
into the intrusive source, siliceous fluids rose to 
precipitate lenses of bluish-white quartz near centers 
of mineralization and smaller lenses and veins of white 
jasperoid in outlying strata. Earlier hematite was en­
gulfed by quartz and some iron abstracted to be repre­
cipitated in limonitic jasperoid. Additional silica 
reacted with the country rock in two ways:
(1) 3CaMg (C03) +4SiO2+H2O-^Mg3Si4O10 (OH) 2+CaC03+3C02 
dolomite talc calcite gas




Dolomite along gouge planes and fractures was first 
steatized. Near quartz lenses talc and calcite sequen­
tially responded at higher temperatures to form tremolite. 
Excess calcite liberated by the dolomite-talc-tremolite 
reaction veined the surrounding rock while on the outer 
fringes of the alteration halo fluids depleted in silica 
dedolomitized gouge along bedding planes and joints.
Post-crystalline fracturing of central quartz lenses 
provided channelways for subsequent mineralization during 
which molybdenite, galena, sphalerite, enargite and 
proustite-pyragyrite in a gangue of iron, manganese and 
magnesium carbonates were precipitated from complex 
solutions, largely replacing the siliceous host.
At the Alpine Mine latest stage hydrothermal fluids 
bearing iron, silica and alumina were blocked from bedding 
faults and northeast trending fractures by earlier sul­
fides, gangue and alteration products. Deflected into 
northwest striking channels, the solutions formed an 
irregular vertical zone in which chlorite partially re­
placed earlier alteration phases. In a single favorable
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area near the margin of the alteration halo solutions 
reacting with dedolomitized wall rock formed epidosite.
Mid-Tertiary uplift and deroofing of the Lone Moun­
tain stock exposed the ore bodies to percolating meteoric 
waters. Sulfides were altered to sulfates, carbonates, 
silicates, hydrates and molybdenates in the supergene, 
oxidizing environment. Because sulfur rich minerals 
(pyrite, pyrrhotite) were scarce or absent in the hypo- 
gene suite, little free acid was generated and ground- 
water conditions in the strongly neutralizing carbonate 
gangue remained moderately basic. Secondary processes 
were dominantly metasomatic and in-place with only little 
mobilization of cations evidenced by transported limonite 
paint, exotic cerussite and hemimorphite. The fixation 
of silver by chlorine in stable cerargyrite was an 
economically critical process. Removal of sulfur and 
leaching of carbonate gangue minerals with an incumbant 
volume loss in the ore chambers may have been equally 
important, producing a residual enrichment of hypogene 
values.
Economic Evaluation
Gold-quartz deposits in the Silver Peak region are 
characteristically small, irregular and low grade.
Only the largest, mined under the most favorable economic
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conditions, have produced notable amounts of ore in the 
past. It is doubtful if any will be exploited in the 
future.
Oxidized lead-silver deposits of the "Alpine" 
type do have current potential. Although occurring in 
limited volumes, the ore is exceptionally high grade 
and easily mined. To date, very few sand carbonate 
discoveries have been made in the region. However, the 
widespread occurrence of spatially and genetically re­
lated gold-quartz suggests that base metal replacements 
may also be common. Parameters evolved in this study, 
including alteration halos, structural and stratigra­
phic controls, should aid in their location.
Within the Alpine mining district two areas were 
found where undiscovered lead-silver mineralization may 
exist. Area 1, outlined on Plate 5, contains steatized 
dolomite, silicified dolomite, porcellaneous white 
jasperoid and an east-northeast trending fracture system 
in the vicinity of a major thrust fault. All are features 
closely related to mineralization at the Alpine Mine. 
Adversely, the site is located far below the major pro­
ducing horizon in the district. Such lower floors have 
yielded little ore in the past. Area 2 contains numerous 
lenses of white jasperoid at the same stratigraphic 
horizon occupied by the Alpine ore bodies. A single
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small outcrop of magnetite was found near the center of 
the area. Whether the jasperoid is associated with ore 
concealed by the shallow pediment cover to the west or 
is peripheral to the Alpine deposits is uncertain. A 
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